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jl\ jil <&l ^UU 

^Juuau j ^jjoU , jl^JaVI 4liJ (Jl j jlii-a]! 4_nj ^^Jc ^}LJI j a!)L^a]l j AjIaxj j AjVI ^gJc LaaJl 
.<LalxSI AjjjouSI Ajjiaj jA j Vi AjjjolJI ^)i.li-a ^)fi»J <_s-alc- jW-^ cr^" - * J' ^ > ''* k a ^jujIjJ (j' 
^»A.iic. tiSjluLaSl (jj^ll J ^ T~ J ^ ^-'*-'' " -iic- ^3 o-l^J (jj 

duS ' * tj-*- 4-SajJ ' . lU£Sl I^A ' " ' y& .I^IxjIuiL ^^3jJ j L^-j\-UJ ^^jaSjj jjl £J»- J J^- &\ (J*-" 1 ' .IfrlLaJaaJ 

' ■ b li laall (jjuJ ^aUaj 4JJ^a> jxl ^aUaij 1 '\^~* itllLaA jjSI 4 Lj ^-^ ( _^A 4-aLuJaSl ClljI^jlajJaVI jjl j] 
<LajlLa] ^xluiJ jji AjIc ^Uai]! l-i^^S ig*-"^ L>* (J^ J tAjUjluba ^gic-V lillj-iVI (^J^ J 
^fl L-ll mail j 4joi.%]I t5 ic i__J^ajVl .4-IaIxSI CjL^lijVI £Xa^. 4-ajHaK t[l]4-p£lLa 

Ajjiaj] jJaill (j^aj V ... AjJ^iJI AlmSaSl <UjJu CuLa. 4 nm'ill AjJ^aj <La jA ^SaJl 

IgliJaLa ^^iSI a jjLaSI qC Vj l4 i a SI ^Lal <_£ jl jj]l lllLaluba <LajlLa (jC AjJakia ajJaj AjfuilSl 

jjjjl j3 Vj c<U*-nJa]l jAl jJaSI C5 ]c AifLla ji 4jtnla]| ja Lal^Ji CuLi. <Ua1*JI j AjjUj^I (jjjl jiSI j!i£l 
V j] j clAjAl jia j 4 itAilall (jC- AxJI <J£ j A ^Ailall (jjjjl jiS ajjli-a CluLi3 Ajjjou]! s-ljjjS 

^j^aj La] AjlUaJl JlljlC-VI j ■'jj'^J^ j Aj] jJjl^JI AjoiJu^JI I frix i a j ( _ ? j]I AjLoilall j A^LoiJu^JI 'UjJbjVI 
j Aj^)iaj]l s^J ^_5^)iaj]l ^ j j<aj]l djl£ <j] jl^JI AjoiAi^Jli J » Sajoij j Aj^)Jaj]l s^A ^iaj (jjlioji 

.l^J (^gAAxJI ^ j j-«u]l CLul£ 4-jjj ^nll A i a li^ SI 

(J-alxJJ (_j-a ^-a (Jl^JI j& l-a£ cCjLliJalj^)SI <iuiSa ^ £3J L_S jjoi AjjJaLjj ^j - (jlA^J ^.uij j_j<a <J£ 
AjjJaj ^jc <LoiSaSl <aa (j^ajV iiillil . [ 1 ]*L} jjill Aijoila ^fl L_a jj^A AA jjj !>Ul l^xa 

AjLoiSaSl SjJajll Lllili lilliS 4-aUJI AjfouSl JjUlj L_lU^ll 11a ji Laj j c^j^aLiJI j ^UJI I AjjjouSI 
^ jl_liaUJ^)SI jljj^ all LaA jLa j^Lall (jl^A j CjjLa jSI j (jl£-a]l ;LaA (jjjS ■ "Sfl jLa _a^i-a ^AV 
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(j^L^aaia jLa jfrLall (jl^A Ul£ <LalxSI A-UuiiSl AjjJaj (JjS .LliJaljj j LjjLjjja j Limls <LalxSl AjjjouSI 
Ajiuilill pljVI <J^*J ii3UA .tiiuils j LjjLi jjS j LiiJaLj La^-La (JS Jajjj AjjJaiSt o^A ClbalS ^gJa. 

C5 Jc <Laj£-a]t AjlixJli .<Ua1xSI jjAljulS Jlilaj dul£ j£S j (jl£-a3l S^a. jSj 4 n unit 4jJ^aj <Jj3 

jA LaJ ' ■ la ' caJ 4-lSac. lA j_agJa j A-alxJI 4_njouSt j_a^Ja <_Jj3 jLa j$AaSI jl^A 

^ja-N Ls lc lift jj. aliSl jLai j cAjJulal ^ AjoiAiA jjj^sj (jl^-aj dlil£ lalxj (JjjS 

(JS ^ SaaJ tAj^ LJlc 1 jt'u^i ^l^S jJ j (jjjlc- j (g^jaiAjuajljS jlj <J jiSI (j£-aj lilS^S tAjljjj aJ 

11a (_gk AijJaj (jjllioijl £j>^aj ^aJ ' - ll jj 1 caJ 

jAl _aJa LajJ - laJlmj (j] j Aj*^ cij^Ja (jl£ \ a CjLliJaljj]! j-a ^51 (g^joiijujjljS jliicLj 

jLajll j (jUJI ^fl AjjjIISI tUjj^C Objlaj <_£ jSi ^JaLii Cjj^Ja \Axl\ ^UjouIU . [IJ^^jsli jll ^UJ! 
j t_a jS^-aSI laa»JJ 4jJ-2aj <Lal*JI AjjjouSI Oj^Ja A 1 a Si ^gi AjAilS^I j Cf-ljjjaSI ^gi Ajjj jjjSI j 

CjLliJaljj]! lAjj^aC dll jl^-j) ^aLj 4-alxSt 4_njaij]l 4-JJ^aj dljlxluil .oj^-a]l ^gJI ajiSI j-a L_SjjjlaSI 
AjSIxSI AjjJabjSI aj-iiSli c4_ijLajj]l ^ jJajoiSl j jj mijJ Si L-lLuia. j AjjjJanSI j AA jJjl^SI A 1 a il^ SI ^^A j 
! l^jLaj j l^ilS-a jj^J IAjj* liJu 4j^)iaj]l siiA ' - lla <LalxS! 4-lluuSl «-ljj _a^. j-<Jl 

<J 3^. (Jj^aS J .l^ajAlLa j aA jljl^Sl A 1 a ^ Si ^jC- ^- : y st J A-alxSl AjjjouSI ^J^)^ ^ '"'^ aSI L_aLiJi.^l (j-a 
bLjaS ^gic (jA jfj LaAic _A-alxJI AjjjouSI ^jIIjj ^}Ali-a ' . d »uli aV AjjJaj^l ^gJ^J AjS jS^JI 4 1 a li^ SI 
(jJ^S — ( _g-aljjL ^ j _a-aj AjtSUa-a ^ic j cAjJula^l 4 1 a Si ^ Igjlc ^jlAjjSI jJi^SI 4 ' a ^ Si 

L_S^)Xj]l Jlic j cAjIc L_S jSLall J jUU IjjU-a tiljaj ^ j I^A ('J'"' ■ " J _aiaSI ia.Ll * "J^ j 
(jjJxu j AjLa CLl^lii (JSi AjLkl^SI sLjIj j ^ j^^ a ^!>ljJai ^^r-Ljj^ lLi^ia^ ^^Ljal ^^T-Ijj ^gic 

(jj jSj j (j-«jSI ^LuijI j (J jJaSI (jiLa^jl£ AjjjouSI AjjJaj] cAjjJaiSI g^lliSI ^ J^aS AjjJaj*^l ^gj^J ^Aj^jJ 

... j f I 1 <asSl 
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j AjjJaLj^)]! j Ajjjgilall j AjiaJjiiill _oa11£ c<LaLt]l AjjjouII ^a'| a* i ' ■ IaA til 

^alaJl 4 n unit j <LJ jligJt AjaiAigJI ^aJ (jl£<a3l j (jLajll j eLjaall a..<U\l » j^i^b jjuj i * AjjLj JjflJl 
Jajljj j ^jAlix Aj^pajll aAA ^ l^j (jlxiou ^^lill AjjJab^jlt ^jA^-oII .A-aLtl! AjjjouII Aj^lajlt ^aJ 
j J ^ ■ a aj CLlixioil j Jajlj^jll aA^J U. ,ijSf I <^ j]| Ur-Sf ^juoJI (_J£ u (j£l <Lo-a j o.Vlir <a 

iilSj£ j all aAA Jajljj ^gi L_Sj^)aJI Ala. jjj t " 1 <A A3 j tAjlaC. j 4 jajoiXa Sjjj^aJ AjjJajll oJA (jJJJ 

<L)ti£ j '^)a.l j jAv^xa (jjj ' «ViVi Ajjjjoilnll Cj^jLlaII <c.UJa Aij^Ja i Jajlj^)ll aAA <L)ti£ Ala. jj 
<_g^C- dl-laaJ iil]iS ^ jjJa j^ll ^3 p jjuj Lojj j (JjiLuJVI (^AjJ A " L5Jf^ ^i^JJ)^ J Ala-all 
tlftJxlUa ^gjll jAL<3 all ^gi .Jajljjll aAA <C-LiL ^gi 4 aAaJLuiall L-Sj^jaJI j Jajlj^)JI Ala. jj 

IAua]! £5jli]l cJxaj tAA j LjjJaaJ j 4A\jL£La 4*1x11 Ajfoilll O^JlU-a <clJa ^gi L_SjjaJt 

l_lJUa 4-a.lji j (_5AiJ L_lL£ll IAA t'wjU lilli! 4^ ^iia j*ll <xlUa-a ^JJJ Lojj j O^LlaII aAA jijj 

£ ja.jll 4-aljA jc jIxjj!>U lilli j iajljjll j O^JiLlaII ^ji <jl lilljlS 44-alxll Ajimjll A^IILa ^fl Iajja 
^A <3 jla-all 4jjaVI <_>axjl JaLoia Jj^aS lilliA LjAfiS Ajjjjj^all <U.}Ixa1I j cAijLaill O^JiIxaII 

J^)jaiAJ ' ■ l\j£ll Lllala cl^j 4 Safij all n >il j-a]l ^3 (_gic AcLoU cA-alxJI AjAuull ^ (jjjUu AjliLaj 

_4-«Lx]l Ajjjou]! CjLa.^Uajb^al ^aI 

(^gla. Ajjjou]! AjJ^aj dllaAl I g j£J sAjAc t_ul ^a. (j^s Aj^aLiJI Ajjjou]! AjJ^aj 4 iaS all dlljljj 

^JiLai CllLci La j 4-k^aLaJl 4 \ u n i\l (Jjj^alij ^gi dllaA La lillAl tl g-jj aaJLa ^gic tj£a. ' " '■«■ ' ■ ^ 

Aj^lajll sAA a (_j-a JJJ^ll Ajc AjjjouII ^jtij JJ^I dlAi.1 .^7-^''"' j l§-ajAli-a ' " J 

Ajiuila <1 jLa 4-k^alaJl AjjjouII j Ajjiaill sAA '**'■«■ y -~' j 4(_jja.VI LaaIsuI jjLiJ Li 1 nlfl Iaxj 

Cui&i j Aj^alll sAA Aic 3 lajaJl t_uL> ClAi.1 iaHa! cAjjbjja j AjjJaLj AjA La jiiSI 

_A-aLtll Ajfuull 1 . '1 ■» jj 1 .<Sf jjlA j*^l 4 Ij^AJ c4jjJaL^)ll Ig-ojAli-a 

AjltoJl (j£l Cjjjllaiji AjJjaij ^aA ^fUL ^\ (jjliuaji 4 Jjj ttj jA ' ; llj^ll IjA <Ja [5jli]l (JLaU (ji (j^-aJ 

_4jAilal AjaiAj^JI j j^j ^all j Ajlac ^^A Aj^Jaill sAA jj^Ja <j-aj <_gi <Laj^-all <jLailall 

diuijl (jjj ^g^a cAjoiAj^JI ^ ^jjAila^ 1 nil (jjiij j *.Lj jjill ^ (jj j;iil ^ ■ all (jjisj 4jiuilall ^ djl£la 

<-aLtll AjJjaijll ^ (jJa (j^-oj -t jjlliaijl AjAuij ^^gA C(jjAilal Ajjjoij jjj jjj Ajfuij j AjjjoU 
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killil '(jj^^^' 1 " La£) t^Lalx]! Ajj^uII t_ljl j^. -^"» a i_luil^ La oJU-lC (j-« Lagju&L) j 4tlljl£ 

dlLl^lajll * jjJall li& ?.Ljai IS j 4(jl£-all j (jLajSt ^ dljl£ Clb^Jaj ^gic £ jjJaSI ' - uall 

SaliaJS lilli j (4j1aL>j La) <jlUI j jLajlS <_£.Sj^.j]t ^ jgsAj (JiJ V jLi CjAaxj JaJ j 

_^al jSI (j-a LjjJa LL jjallLttll j (JUaJI LjjS cAj-alc <L«Lt]! AjjjouSI Ajjaa j ^ JJ 

Lj^ajAlLa Sajoij j Ia j-aj ^ j-aALoi (JjjAli j (jjlioijl 1 ^ jU'i ^ <Lal*Jl Aj±uull Aj^jaj jA l_]U£3l l^A 
AjLabU j -( jLaJuj3 < ^lliujjjjl jjoi '<jLsJj t^£joiLujjLl3 ijjjjlc. t ^La diuijjit dljl£t (jj jjj (Jllai 
j c<L«LtSl 4 Ujoilll ^a&lix _JJ^ J 

Ajjl^jl i-*n\< 4Lal*JI 4-lluull 4jjjaj (j-a (jj-^ (j^" 1 4->L3 (jLaJj jJajj 



4j£lal| Lj svjLu j 1$jLxi <aLj^J JjAjoJI <_£jjIj3 lilSi j ' a-lSal la aj^)fr£ll j c^^g-ojjl j£SI j c^£ji3l Lj-SLa^a 
(jj j LjJj tilii L_LJat ^3 j cLjJj^aji £yA LjJ <UaJJj-a]l ClbjiajSI j 4j^)JajSI a^A (Jaiuoj ( ; l^A j 



^gi V j LjjS LoijJi duilj j t/gjb<aj aaJ (JLi-a ^gi ^gA j ^ 1 aaJ ^gA A-aLt]l AjjjouII dluuj 
! jjii. ^-iiJat sJA CuLa _AjJylal !)UI 4 1 •< Si ^ j t jjjoiiiiSl L-lLma. ^ V j cAj^aLsJl AjjjouSI 
)J '"» aa ( _ s jSI Ajj j£1aSI U^Ul ^Jl ^^JJ J 'c5J-aC ^ ^L>Sa t^J L^JjJaci j ^5J^3 (j^ 
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(j-al^J W^- - cs - *"^ f ^ ■ ^-J.' (joij!)LaJ t ^Llall J ^Luill 4_ilc cAjjI-IL^I JjoiIj-j du^ j| 

^Lai jA j Aj3 ( aSlj Ul ( - ^ill jj\£<a3l J j g.1 i gaill J sLji j J^ J cAjjljjjjLj blla-ajl 

jjj^lxjl j AjlJjoJ! L_]jlLLa lgj\r. j-a 33 j (jVI 1 g ffii Ui j Jj£|j j ls 1a j) j ^^C j j <_SJ^ <_3j^ 
(j^ J '"'^ .'^ J p^UaluiVI Ijjisl Ljj]t o^A t5-^ c ' ^J^' .(jV CS^^*' ^-uill AjIc j Laic 

jjhla. j t-Uj aa till JjdUaA ^ jjJa j-a CjLliJalj^)]! g J i eaJ yl jl^S^l duLi J^ tLlAv Ia jJjoiSj J j^. 
tClAjL jaill J jA l^-lS 'iniflOl La j t^gJC ClluUj <Lalxjl AjjjoUjI Jc CiSjju 

^IxjoJI c4ili-a Cjljl.la J jjjoJU 4jl) jj all ^3^' J' ^ J' U Ajuoi^I AjL LgjUajj j) U^joi jSj 

.Ljjjll lilli Ajllaj J jA L_lU£ll I^A j .l^ia Jjilaji j]l ^ Saajll J 

2007 
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pL^aS (1905) ^alaJl 2 (j^aSjj cJjILa]! pi i aj^S (J^aSj jA f-bj^l ^fl 4 n unit ^gia-a 

.J^^***^ CH ■ '*■*■ (1915) 4-aL«Jl <jjjou]1 (j^aSjJ j t J^tU^tl jjjjoiKjLa 

AjjjLiJI jjj jjj Aj^jJij ^^L^al CiljLi. ^^ilt ^C-Luball ^J^-n (JjuoS 4 a^2j j& 'LaljJt <jjjau]| jj^Ja 
Ajiuilall (jjlloijl Ajc-j lilJiS _Aj^aLiJI 4_iiuu3t ^.Ij-a ^gjJajj (JSjolj Uj-lla j (<L^ali]l (JJ^C £}JJj) 

4 - Va * jjc. AjjJaj-a Aj^jaj]) dljl£ jjj cU^aLaJI 4_iiuu3l a.la!i*-a 2_J\ij Aj^jaj $,Uj j^-«J 

^ 1 ^.1 -n, \\ A. Uullll (j* 

jj£jjJI ' ■ laj ?<La\jt]| 2 nm'ill <Lii.La ^gic dlljl jV-Sfl La j£3 t jjlluijj jl£ai j_ s Jc ^La OjjI 
dllj LpL J jiaJI j^Jl ioxall lifc jiaij V lilljS *<* ;<;.^K 4j£jjlai£ JJ^?> ji ^La 1.1X4 jL 
AjV tdlj j c^LjjjS jLucl (ji (juA 5.1xa AjL ^La i.lxa ^1 jiaJJ tjUa^i .s-LiaAll ^ ^LaoaJ jLx-a 
jS-aJ IjlA j-a j \±±a\\ l^A (j^i Lp] '^^V?-^ UJ^' ^} ' (j^y CS^ ^^f* 

^Lal IjUaII liA ^ J^' f'jW^ J^^ 1 frL^aall ^jLu j-a 2JUaxJI jl j^lc frlcjVl 

jjj ^}U| CllljAill <_>a«J ^gJI C5"^ lilliS AJluball CIluu] jj3 Lajj t^jjgila Laj jjjLli. 

250 -^J-^ (jj.ii.AuiH jljj^]l j£j-a) LpljjJ aA<s j t Jj-^J A-ajllaC A-a jJaiaJ AjjoiI i\jHj^A 

20 -^J-^ -^*J a^)i-a]l j^J-* U-""^"^ dlLluJ AjjljjjJl Jiiiaj Uj^^a jj j] Aiui jjjla 

aJ SaC ^]lc (_Ha^)3 AjAj-a (J^A j-a jS-a!i] cUj^i-a] Ajjjjj^]) s ^ j^gic ^La ^llal j] .Aiui jjjl* 

^j^lj-a j^g-Jc IAj\joiL frljjjia]! jUluij ^a^C j a 1 gaJJ ^La lAj-a ^ jj^U^\l f] . Uati s^A 
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^-a jjj f.\ i gaill j£] J _*^>j V j Cf.\jjjA]1 ^ sjj-i f 1 ■ <aall -laaj Ujlali c^La i-lxa (^g^C- t^ljioij 

(_JS jLaj]l — g.1 i iaall tjlA (jJ*J .^IxjVI (^g^-^J ~~ pl*^a3 jA jjjJl I^A cA-alxJI 4jjjou]I ^ 

Ixlii ? jLa j]l — f I i aall SjLall (JJ*J <Ja Ua Jljjailt / Si SaC. j aIISj dlaj A^j^. ^^jaJ pi jil 

^Jc jjjJ jLaj — <iljJaa]l j ( JjljJ j JJjJ (J^a f ^ ■ ^aill j) (_ iL aHaJ J ^La l.ifa jC ilJs AjajouII 
<Lalx]| 2 Cliaaa aill pilau) jjJu (J^La> j* Ajlc- <Uj£]| jjjj j tjaa. jl JW^ ^jj^aj 
Lja jC j tAjjalla<a (jjlioijl (^giii^l g.1 i gaill L_sii. (jC Lja jC j c^La ^aU^)J jx ^£ j?- 

j \\ U»\l j j| (J^LiJ Aj^La j3 Lj-la-a c^La sjjj^aj La£ 2_Jljj ^ j3 <2 \[\ U»\l ^ (Jxa. jC 

-f .1 .Uati j^ SJUaxJI IfrUa. 

jL£ 2J jLaJ AjjoiIj Ajoiaj jj jC j^lc- 3* J ^ J^J ^ J C5 J ^ a ^ eLjaS J& »1 ■ Zaflll I^A 

.(J^lla-all jj jjj f.\jJa3 U] j aa uij A_aA1 SaxSl £^lj-a]l j<a ^jLp La (j£ (j-* liW^ 3 CS*^ ^ J^J ^ 
AjLaxSl ^}AlLa]l ^-a (j^ajlxJJ <Ja3 ^Lj J^^J J L?-* 3 *^! ^J^T* 4i« (_5-^ JJJ-^ 



AjjLi.j La j C(jl£-a]l JljjLi. j (jLaj]l ■^■^ t^£- (j^A JJ (j-a Aj*^ jl£-a]l j jLa j]l <J _a^. tllajJlj IaJI <Jj3 
j jl£-a]l Jji^ j jLajll AjIaj <J AjjaIjj <Jjj jjl-aj j^A^J? j^J (j* I^J tj^ailla 
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jl£ Ujj j 4(>jSI ajI^j fJUIl (jiJ J lUaja lil :<>jJI ^ O' 1 tr"^ 1 cM J^ 1 

jl (JjaJLuball ji) .A-ljUp ^ 4-luilm <_Lu£j jl (JdaJLuiall ja j£3 _<Lljai 4 1 (_£1 ^ jl SjjJaLiJl 

. j* jJI ^fl AjI^J <U Cjjl£ jl AlV jj] .^Lp ^ t> j CS^ UJ^J 

Ujli jlUI ,J Jj^l ^JUI] (jjyl ji llJaja |j] : jliait Jj^a-« ^bd! ji ^ ^uliil jUjJ! 

^Ul j« j]l j^ ,'a.Sj.li-a <Lljl£-a <^ j^i LS^" - JJJ"*^ *SA-0 ULaSjjoil Ujl (j^a^jij 

(JjVl l§i^)ia jj^J ji ' ■ la>J sJ^<a <* ^ Cl^jji ^gjll 4_liaj3l <luiluill jSf -LIS La£ JuaJluia 

J.ij.ii-a jl£-a]l ^gk ^JlxJl jj^J (jl ' ; laJ ji] 'tjJaJl l^j^i-a 

^ajL ^LoU^H (JixJI L-llna jljjjaS-a jljUai dljl£ Jjj jjLaj] jLoii La£ jl£-all j jLa jll ji 

a^ii. j j a i a a j AjjoAjoi^JI o^A dlLliaa a L-Jjjjj La^J taSj ^alj 4-luil maJ] jL^ j^^-"j c4i^)*-a]l AjIaxj 
jUajjoi ji jlliLS jLjjj^ ji] jl£-a]l j jLajlli ,4_i^jLiJI Ai^iJ ji ^(^g^jLiJI ^]Lt]L jLaij^l 
Li^iJ (J£joi _oA jLa j]l j cAj^jLiJI Li^iJ <J£joi jA jl£-a]l i—luta j*^ lilli j .Aijjt-al] 

.[2]s c5-^' 



^1 ajj^JI <LLJt ji JjL^SI Ji-aVl jl^t j jUjil ji '(S. Alexander) j^SlI ><^> <j jj 



j eljljouJI (^Jt Aill Lou] ( jUJI j jLa jll) La^i . jlUI l^JjiaJ V 

Jjjj j.<y.^a ji (jla. .^jlc ^Js£La j jl£-a]l jc ! jj-ala Lajlj jLajll jl£ (Jj cjjjSlSla ji jjJjLaLLa Lou] 
jl£<a ^.jJ V 4ii j<a tl<Jr- 4jun'ill 2 jjlVi\l AjJii^i La Lijaila j£i j t j^ i ^aiij jl^j \ i\ jYun^lt 
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(J£ <Gc. Jjlllj tJji tjl£-a — LjLaj ^ jVi n in 4-jjl£^a CjLjLaj I ■ b t " \ a'i (Jj < (JSj i a a jLaj J' ' " A 
(_£jla-a jjjt'ij ji tfrLaj^a AliS jl£-a]l jlal s*^ jla taalajj l.l±a Aiv^a jj jLajSI (j^ cs - ^ '^Lj^Vl 

_^2]4iac jLajll j jj^Sl (jl£-all Jjij 

jLaj]l J jl£<a]l / j jJ jjlj C5 ic- dljl£ ClLjaljiici *aI 
aLajoil La LaA — ^jLaijl i aa t^ll p jjJa ^a LaA j — ^ ^ alSl (ja jSI _S ^ li alSl jl£-a]l jj sLa-u La jl 
(>jSl j Aa.1 jll jlUI el jaj 4ilia-a]l 4-LajVl J AjlLaVl AuiajJI j 4^11*11 CAa!i*JI Cjjl£ 

LafrS*a La LaA (dljl£) 4-lia jSl j <LjL^a]| OliDUJI ji ( jj jjj) ^yfuull (j-ajSI J ^ imill jl^a]l ..la. I jSI 
(jtU /g-uiLoi V I L_s!)laJI jl .Aujj^aJiSl (jjjJlaiS (jjliLuS (jjjjjj^a — AjJsijSI Ajiuila jUal ^gi — dul£ 
Liajla. !j _aa.j (jjjfuilll (jajSI J j^-*^ cJj*^ ci*^ ^ 4jl jA (JjLboiSI I^A ^ j jj jjlj <-_ia ^a 

ClliSI (jC jlj li aJ 4_iLaj]| j <jjl£-a]l dli!}lx]l dlil£ (Jxa. c^Laijl ^Slj-\l jC- ^laluia Lc jjJa ^a 

.[4]4lbj-^. j (jlUI AjLS t5 Ic AjjaIjj ^fl Ljlauoi L-lLwiV .ttLS Ijj-l^a 

.iic.la.1 j]l <j-a jSI J -ia.1 jll jl£-a]l LaA (3lla<all <jajSI J (3lia<all jl£-a]l jj j±i sLajoi La (jl (J jlSI j^-aj 
j .la.1 j]l jl j all a SI jl (J^Uaa!! jl£-a]l jC <fi£ ^ £j-«al j-a ^-i djl£ i^JAaJLi (j^j (Jj .dljl£ 

.[4] j;baj !5b Ai.1 jJI ji jj^alUJl ji Jjlkail J-ajJl 

jj 4-iui SI AjjJalj^)]! AjjJaaSI CjjjoiS Lpl (3-«jSI j (jl£-a]l ^ (jj jjj Aj^laj dll jj-a-a ^Al (jl 

jj jjj CjjjoiS _<JJ jaJl pbjoi^l ^Slc ^gic <la jSI 4 i a 1^ SI (_3J^^ L3^aJ (jl^-aj Cljjaia LaS ^(j^ala. 

ji^^aSI A ALjj La dJSi j .(^Lp j /-C- jj>ia _a-a ^gjj jjjSI (jl£-a]l (ji ' * 'J^ ^jx Ala jSl Ol_liJalj^)SI jjij 
jl£-a]l jl jlficl LJJa jj<a (jj jjoia all ^aJLtSI (^gJc 4 i a Si (_3J^^ (jjj SailSl jl^-aj Aj^laj Cjjjoi3 ■ " 1^ Si 
;^A ^22 jjiSI jLajSI j jl£-a]l AjLialjic'l 4j^a!)la. j .[4]c5-^ial j^« (^Ljjjiall) ^TJjl-iSl 

-( _gjLoijl ^Slj-ij (J< jC (J^laluiVI (JS J'»'' i a a jjJa ^a ^Slc jj jjj Aic (_gjLa]l ^JLtSI - 
jl£-a]l j*^ lilSi C(j^aSLiLa j j i aJ Uc <_JalioLa]l LaAJ ja.j La^J jjjtilj (jlllil£ (j*jSI j jl£-a]l j j i aJ - 
^al jSI ^ jjJ ja. j-a JJC. j jlj _aa. j-a La^jl jLnxJ j±ll\ ^Ist^Li jjaUaall (ja jJI j 



1999 - L_ll2Sll <-aUJI <J j > J -aAll AjjjJI ^jUa-a - J jail t-ijjia ^^iaJ JjJ^JI - j»k5l j Aiuilill ^1 jUjSI -2 
1979 _ AjMII 4jlAA\ - (_ijl*xll jb - jlAjj J j-<^-a JJJ^^ - Ajji^l <GiJa j -4 



15 ±c J^U (jjULift 4-uuuII Ajjlaj 

^gix-alL jjjalla<a]| (j<«3^ J U^ - *^ CS^" - ^ ''^^ ^ij^-y-*^ J '—^■J j>»->-a Ua^L-aJ - 

V (jjjJLi. (j-ajJI J jl£-a]l Ujjj^aJ |jj -( jjklL-ttl] (jj jjlj LaA jjL jtilA j ;«Lul$J !)Ul j J jiiJI i a 
[4]<&l jA j tl a^-La ~ SaC. I j tjjljii all (JjiSJ _^l J _a^. Jj' all (JjJJjoi (jjjjl^j 

: C^l£ Jc CjUa^Xall 

(j) j t(Jg li all Aillax CjLjaj jjx JjjoijS j Sa i a jl A) Jc <J«aj£l j (J^iaidll jj) dljl£ ; jl£ 

AiLjal jl a-lcl jS j Sa i a^l j_ 5 jujjl jl Jjjjoi (JjJaSl (j^a^)C jjoi .Axj jj<s <*'aUl j Clllj 7- a lib ajl 
jj^ ^JJ^j -Sail Clljl£ (j^ajjii jja* _dljjiaj]l lilii ji. ^jc jj ^ CxXii^oSlA AjLij*. Cl/IjJuu 
Jaj j .AjL jjSllLa]! IgjllajJaJ (J^-aJ La J-^? ^1^ J "SJ^ij^*^ Llllj Jaill (J^-aJ jj jjj Clllj Jaj 
_[4]«-^j^' (_j2 jJji j (jjJaiall J jiuoijl Jl jJaj La£ AjoiAi^JI J jjaAiJii} Jl 



1979 - AjUjII _ i_ijlxJ! jb - (jljyj j jj&j - AjixJa j Ja& -4 
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3-»Ul! 4-uuul! Ajjlaj 



j He AajLa. ^''^ _jj ClAc jjJa j-all jj i alj c^(j&All (j^ajL-aa. .la.1 _jA^ (_^a.jlaJl (J-a^-ll AJajoil _jj 
(ji 4 j£ aJ ^ (jLa jli (jli iilli£ '^}3 U' ^ (jl£-all (ji La£ j ,(jl£-all ^ I g lg a 

.[3]Wj^> o"-^ 

j ejj-ala ( _^A ( * (j-a CS^W J '(J^ 1 *-? fc . "1 ?» J ^ (S ' i eLjJ^VI jjj>^ajl (jl ^ Vi^oj 

(jjLuiVl (jl£-all jjj^aj (jj^J (ji ' ; taJ 'tjJaji 4 alia a £jJal ja <Lajli ( _^A (j^> <Jj (<— luia. 

(jl (Jj c4_ia.jlaJI Olj&Uall Clli^lc. (jx AjjaJilb .lalmJ (jl (j£-aj (jl£-all jjj^aj (jli (ja j .LiLai 

,[3] JJ' ""'^ ^Jajoil jj V) <U£-a-a t"iunl I g ijC. 4_ia.jlaJI AjjaJill 

(jl jj' alj (jl <Cnll (jS-a-l j 4_ia.jl.aJI (jjj_taJI £J-aaJ LuiLml (j£> uj 1 (_5Jj3 (_£jjjjJa _j j i aJ (jliLall 
(jl£La^ Jajjoi AjllaJ i*J ,(jl_Lall ^ £Jj-al j-a C-LaJ (jjjJ (jl j_L4j (jl I i&aJ 4il ^C. j (jl^-a i_-U& (joul 
• ]° JJ J*^ 3 ^ J^- 4 -^ CllljAUall LoiLail (J^joij (^gijS jjj-aj j cl^J (jdxJ Ajlilaj cOljAUall 

Ail cilli i( j-aa-a (jjiAa. jA (Jj cA-alxJ f-LliiVl 4i!)lxl Laic La j^si (JUL La£ ji ttjSLlui La (j~ul (jliLall 
(jl£Lall *•! ja.i ^\ (=^j 4j£Lai S.1C (jC ^l_uj LaAic j (jl^-a jjj alj (ji (j^-aj 

j] LaS firj^T. Ig^ajJaJ Ala. j]l (jl£-a]l ^gic AiLai (jjSi (jl 1 g lS aJ V p.1 ja.*^l sift j .AilxJ 

^ jjla]| AiLoU j cAa.lj LjALa _4j V) j£a!i (ji I g IS aj (Jj c^l^la (j^-aj (_5^t) ajj^alic djl£ 

(jx iilli (jC a a h j .L-luia j Aj3 Ajjj^x^. JjAa. ^1 cA-aLu 4i£-a!)U fXxl\ a j^3*^1 Cs^^^ -5 C5"^' 
(_5jlxa]l ^lAa. (jli Ailc j ^l^uAlil ^1^7. (jjLuil ^ Aa.jj ^LjjaxsI (JjJ c5-^) C5^^' (j^AaJl (jl 
<L«lc ^jAlii (j-a AlJl 4 aliluia dluul "4j]Ll]l qa j£\ jA ' " llj all (jJJJjt j ^ j^-^ a" (JUa 4-lui llg 11 

•[3]c5JJJ A ^ a (j^£? J J '(J^^ll (j-a (Jj ( ' " >ld all j laail 



Ijjj^aJ Aij^a _aJ j^ai Lla. (ji UaJ Ajj c<JLaJ! j ^ Saa a L&lila V La£ Aij^a jj j j 1 alj (jl£-al 

^1^7. (jV j .^liljlioball l^juUa Cilia, (j* ^ 4 IS " all dlljjj alll ^ (j<a AjAllLa ^ tlaj a! 



Xa 
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3-»Ul! Ajjlaj 



(jU j Ls l^ (jJ^a. jj) jA jl£..alS ^glk^a^H jjirViSlj c^^JaLlLa !)UI ^ t*-a Aa. jj jl£-a]l frl j^.i 

.[3]k*ii 

jl£-a]l jj i aJ ji] jj^J ji ' ; '7- J liLaS ,Uj3 tiilli £-a j cUuSlj jl£Ul j ajl i aa jJ*J ^Sc 4 i a lig Si 
V j» j^ai -Sj^-a (j-a 4iV ttuiAa. jl£-a]l jj^J ji ' . J 4j£-a-a Aijx-a]! lilJj <J!la jj£i <_5^ 

lilSj <_5-Sc- ' j^S .lilSj £-a 4 i a lig SI ^ <Jj>^aL^ j-al jA j c^a ^ U-^'i'i AjjJaS <_£l Aaluij jl j^-aj 
.IjjJXal 1 1 ^-^ ^ LaiAa. jj^J U' cs^-^W j jjJa jaSI t£SljA] (_Jj3 cUjS li}3 ^jij (jl (jj-laJl 

jj jl£-a]l" (JliLaSI (JjUjoi (_ s Jc j cbpjjjjJaS ( _^C jj 4Ja jJJ-a Lpi '(^C-i 'LjJS J*"' a J ^J"'^*'^^ U-JakSI ji 

.[3]"(.i..r> jAii^i Jl*J 

jjo! <jU jUJI .Igjjj Lua Lpli^lc. ,J eUiVl ai* V j Lgjli ,J *UibU V Jlaj V jH*5l 

j<a V] c^tSl eAXaUl ^Liii^l j jlS-a]! jc ^!)l£JI ji] I i&aJ V _4_i^jLiJl (jjl j^JI CjI jAUa ^J<Q ajji^a 
cti^jLk LaiAa. (^g-sSlj jl (_3.Sc. jAij jS AjjJ jd c5^SI CS"^^ JajjaiJI j<s li^ji. li]j _ jLuij^l jSaj ^-g^J 
jo V) c^UoiVlj (J j"^ all lAA -SaJjJ V J .Ujuo jl£-a]l jjj^aj (^gjjtJ jSs idle jjJa jaJLj jjU ji ^gici 
Ig-Lajoij ^^Ut c ( _ 5 iSjJI SjAlS AililSl a jj 1 Ul j ,4-iuil maJS CjIc jjJa j-a ^^A '"'J"- j* ^1 'U jAii '"'J"- 
I ili _<;li.jLi. Ig-L^a jj Clllc jjJa jaSI _jjjLij IgJ ClAiDlxSl C5 JJJ J ^' Ja JjiSI ^^A t4-luiLuia> 

ji Ut_ > .,ij Ajj '"'J^ j , jl£-a]l jajaii (J-a^J L ^-^ ^ LoiA^ j jSj 1 j3 dllc jjJs jaJI a^A j<a IaIjJj^ La 
I l&aJ Ajli cUpljAUaS Oajjjoi JaSS <_Jj c^Lliai^l jl£-a^ Oajjjoi Aj^LkSl 4-iuil mail Jajjjoi j^ (_J*^j 

.[3]W ^ JS-^ j' O^J C5^' ^Lui^l ^^Aa- j o » >in jllJI jj JjiSl 

a^A j j ' <a j.Vrni 4" jH^ll ^fl SjjL>la ^LujVI cJ^" 2j.Wa\ l 
LaJ 4«.LtiuoVl ^J<>7» " ;ClJa j UA J^Vl ^1 JajjiSI jj| ClSjJai lili ^ mail LluiAaJ tc jjJa j-a Uj-L^a jj 

aAA (jAk^li j3 t" jlS^SI (___3 'ajjLiJLa cLi^jLk dlljAUa (___A 
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OsjULAft 3-»Ul! 4-uuuII Ajjlaj 



<jjK^£'l j jkwji jJaj <> jU jll 

•<- l ui".y;,Afi ^J| lJj^xj]! (ifc Uajjou 

jaJli jla jll Jaliiji - 

\ g i n4i qxA j jIjiLs Ail 

.A^j^JLj 4jI j jA (_>Aii 4joiaj (jVI (si Ajji tig mULa j jljsLa Aji jlj 

. jjSll 4-al*JI A^jsJl Uj <jili <_gjJI <Sj^JI o^A ji - 

..iluiill j jj^l jAj^a-a 4jl 

j .Ajl^ll (jjii]t (J-Uij UaJJj-a jl£ jl j c<LljLuij^l (jjiillj Uafij-a V j US jia (JJjl 4j) 

AjjLaij^n (jjijll Uj! ^gJc L jj L i al jjoiii jl j£-aj 4j^I (J-Ui]l ji Ua f& ji jl U3 (Jju3 
J j^ 4jjU jJI ^ jjll jj^l (ji l^>laj jSi ^i <C j3j-a 

V '4-}C- jj>^a 3-a a^laj jLa j]l ^1 <Lalc AjjL jjll ^ J^l S^)Jaj (ji jlL ji V) j^-aj ^ Ua (j-a 

AjjIjs 

,4_La£ ajiaj Ua 4j]I ^)JaJ jLa jll ji 
j C^alc ( _ 5 J£ jLa jll ji (^gJc <l£^iJI (JJjJ jLajll jlj jLajll llluul <l£j^JI ji <_5-lc- jLfc JJ j Sa i a jl ^jSj 
iiilliS (jiij] jLajll i ajjJ cUaji Lai j ^J-")l La] J^«J <J£ jl jA jlAjjll I^A ^1 ( SJ i aJ j / flS_o2j V 

, jLa jll jb^aJ <lc JjoiJI j <JajJI j*^ 

<_5-a£ jl^La <J£ j c^g-a^ll jl^Lall AjuJaU <l£j^ll jl cJj^J j^ ji^-^L (ji-O^ J ^ ' " J -^J^ 
jj-aj jaj j .IgJiLa <Jj>^aia jj| tiij I^jLoi jLa^ll jl£ lili A L^alLa jj| <£^)iJli Cjjj^axa 

US LaS <£j^l j . jl£all ^ >lla j a^iLa jjj (j^jij (_gl '(J JJ>-^J ^Jakj j 4 Sajj jjj til^aJLall ^ 

, ^ji.lia j ^JliLa jjj Uj3 JJ-aj jl ^llaloij jili c jl£-al] AjjJaU 



1973 — LJ^M t - J JJ^ ^iliill jlj - (£ j^j IjC. — (_JJ j*. jll (jLa_)ll ;clla^3l IjlA jAj-a-a-1 
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OsjULAft 3-»Ul! 4-uuul! Ajjlaj 



'LS^jaJI ji <£a. ,j<» V) ^ajL 4j£l j cA^p. jll (jjjl jLajll jl ;<J jiiS l_sjjxj3I 11a j )~i n u ji ^ jAj 
jLajll j t(JSVI J JJ^VI jJJ jjjLajlb Ul ^r.<iuu ji IIa ^gic JAill j ,(JJx3I) jl-iLall j a i aJJ 

I UAH* °j ("& ^*ll j£l J ,-i.ixll (j* ^ jl) jLajlli .^j 3 ^ ls^ tJSVI J J^*^l (j^J jjja'ilLl ^.<miJ 
j , jl jjLaiLa ^gjaJI j Axil Aljjaij j .Axil Aljjai j£ .SAxll lilljA j clxll j"jlill j Jj.1xa1I ^^t.aj .1.1x31 lilU^a 
j 4 Lc jjJa j-a 1.1.1c. O-lxll jjC jj dxaJ jl (J jij jL ''"'J'^ jaJ ^gic £-L_*aJ ji j^-aj Ai^aiill alA 
.1x1] ALlall ^LuiiVl Ixj Ljj j Jixll Lpj^J (Jill SjSill jA Lull 1.1.1c j clxj jV <Llall eLuiVl jA 



,6.1a. jll ^gi AjSLII 4j.lajjaill c jl.lLall Cxjj a^pLaill AjAajjoJI ajji^all jA jjL^lai .lie jLajll 
(jl 11a ^gic (JAllI j .lAJ j^.j J ^ * uJj V jLajll (jV ' jLajll ^gi r'uinl 4j.lajjaill p.LjjuiVI jl 

k^aib j cCjI.1 j^. j* !>Ul ^fl 1 1 aji JLaJI iilll£ llboul LpV V] IIa La j cI^jS jji (ji <3 qxlA jLa jll 
f-LliiVlS Ljajl a-1^3 .xL Sail x^a ^)iaa]l (JjLS AjLIS <J!La cL^a j' aa AjjJabjll i—luull j Sa i a ji L$J 

,tj j£joi jl j a i aJJ Lgj^ c jLajll ^ llluul Aj-I^^joiII 



jA ^^^ai -^J^ J SjLl •Aa.jJ La (JS ^ j-ax31 (^gic j t jLoisJI j jj^ll xjJaLk _jA La <J£ jl 4 aulijl 
c^S^aJ] xjJa^J La La) _IaJ j^j l3J^ ^W^' dbaj j*^ i jLa j]l ^ SjjjjJalL 

duaJ caliiij ill (^glc A^^aJL UaJJ^a jLajll jj^ (j-a ^jJalj I1a j l jLajll 

I jVI ^ ^?>JJ <j\ (Jjij ji ^ ? jll ia.jj ^ ^ . jLaj 



? jLa jll jLa. jVI ?\ ? jVI ^ jLa jll (^iiiaJI Jja.jll J«^j Ja AjJa-alt Sj^S — jVI - sj^S 
j<a ^.jJ (jlll jA jVI jj ;<1j3 ^ (_5j|^*jll CjI£jj1I Aic ^)JC La 11a j JjVl AjJj jll 

-(jS Jl jjll ls 1c jl Juu jl Jl ja. j-all jj t jJJjLi J^JJ <ia jL j ia.jJ V j t jLa jll 

.AikJ (jUI <a, jll (^ic Jja.jll <^fl jLa jll J^.J Lai jVI V jla 4 jVL J ja. j^ll ^SL jLa jll ; JjL lilllS 
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OsjULAft 3-»Ul! Ajjlaj 



^g^LuiJ j 4<_IjJ j j j| jLL JjjoJ j 4^ jUl ^jS ^1 kluti JJC- t- Ga-ulaj JiLoLa AjIAj 
AjV (^J^jLk ^ ma (jjLiLa _aA j tLlolc L^)AUa ^ un'ilt (jLa^]l Jaj lift qiSj>\\ j csAaII ^joiLj 

j j ^aLjl j dllcLoi 4-nA (Jc Aj^IxJI SLiaJI ^ (J-oxjjoia]! (jLa^]l jA j c«l£^sJl 4Jajoil _aJ oAa 

1 1 al a ijilill ^ ~ ^aJLoiJ (^1-^1 U^*j^ ^ J J-^)^ 4 LjLaUA (jj^J A3 j ctiiSJ (jj-^J J 'f' J^' 
AjL -2aJJJJ Ula La£ J^IU^U jjUs^li LajjJ c<£^)2»J Jafij-a (jl-aj (jV cAjjIajoJI A^^pJ 

(JjiSj j Ijla (jtiii^L^ £3J (jl jjS-aAll (j' (^gAstAJ tAilSa<a Ajx-a Aj3 As* jj j^^l (jLa^]l lAA j .^A^s* 
fj\ cijUaxJ j c!iliLa (JolajoJIj Jafij-a IaAIAsJ _al j Jgll-«*11 (jLa^ll ^1 AjjoiilLj Cj3 jll 

jjj£^iJLa ji cLa^ilJ LajS ^g-Jjoij qj^joi ^ (jj-aUaj ^gJl Ajjaiillj ■^alL^all 4_ixa31 aAA (Ja ijjL^J (JJ Jjlj <_sA*J 

.A*j LajS A-ifuiil&jjJaj l^JjUii ^1 4&£A\ j ? <Hj3 AsJ jll 

^Lliail (jjJ _a^. _4a3I t ■ Loull ^ V) ^ajij (jj] _aA j ^aUaj jA (JjUJJljJ ^>2aj (_>a (jLa^]t 

S jJai. jjLa^l] JuJliJl tjl^j (JjujjjJ Uaik Jia] .i^jlc- tLLoi ^jjj] j 4$.Llu£U ^jIj AjI ^1 jjj 

siiA ^gJI jA jj . Aa. ^gJI Lc jjJa (JJa lilii £-a Ajli cAjjIill j Aj^iJi]! (Jjfui ^ AjuoiIj 

^al j]l ^ 1§J j-aii i4j]l2La Llll ^_^A tAjlaaa JjA^ (jjj ( ■ Lmj l^jl ^^Ic jj i_iuij u . Loull 

(jjj j (jLa^' (j^ JsJ* (j^ ^2IaSI sLiji jLoi A3 lilli ^-a jjl£ |jj j /aAa]! dlljj aj-aloba]l pLluiVl 

f.Lliail JllAia^l j aJLa]l (jj^J (^^^ J tig ml fi (jlAjij f.Llii^l ^jl^ l^j' (_gAc. 1 a^lil J^aij (jl^-a]! 
La^jL (jl£-a]l j (jLa^ J"''\\;l ( " \r ij ^] _4jjliSI ^1 ^JjSl ^jl^a]! j ^jLa^' 4AJC jjJa j-a 'Lli.jLi. 

,(j^\jaJLa (jlallaA Ia§j1 <JlS (jL (^gij^i (_Jj cLl^jLiJl dllc jjJa j-a]l ^ La^J J _»^J J (j^^ 
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OsjULAft 3-»Ul! 4-uuul! Ajjlaj 



1^15 jlaj Ifrj Oa jU jll 

.(Jlxla ja.1 j 4 ( _ 5 JLj^llLa (jiajC jj,<Lmfl ^gic jLajll dljl£ (j^ajC 
; jxajaiS ^1 ^joiil jl j^-aj a y 1 " - *- j/sjJajj (_giL) j^Lixall (j^ajxll 
Jk. ^Lill ^xuiSlI ^ jA JJJ j >(j? Lfl jA Jj 4llJJjaJ VIaL»I (J-J jLa jll jl CJ k. Jj^l ^joiaII ^ jA JJJ 

JjJ»^*>'i (JjjI J ' jLc- jLajll ji 

jj |^J A ■y fi'iW j ,j&l jlall jc ^lilauj <^ljAj j) j^J j ' jLc- cJ^ AjSc ^jL iSJJJ^ jLajll j) 
liji £A 4<Lalc jAl jlall ja jLajll ^ ■» jl ^iklaij Uj'l I^A ^gic JAill j c^^LS jj| jLajll 

^ j£j jAUaJI <_Jj 4 jAl jlaJI (^g-lc ^jSJ jLajll jij . J&l jlall j-« LllLi. jLajll ~» ii jl £jJaliaij 

ja. (_5 JJJ^ jj) jLa jll jl <_sl 4 jAljkll Jjiaj J^si V jLa jll J^ij J 4 jLa jll (^Ic 

,4 jj ua 

jLjlai jLutll <lla. ^ji c$i 'tP^ll JLilaVl jA jj> alll LaiiJ c^jaJI JljlaVl jA dul£ lie. jUxll 
jo (Jjjjaii jLj*ll j .CjIc jjJa j-a a.}C jjj jlxLall dllL all (JLiiLai j j i ailll <ULi. ^ j 4L1J ja. tc jjJa ja 
4Jajoil jj jj£jj jj i adll LailJ 4(jiiaJI JjjjJa jc ajjaiL-a 4£. jjJa jaj (J i aJ ; JjoLia 4jV ' JJ' ^"'^ 
4ji ( _ s j*AJ c^gjx-all I^J jLjstll jLajll j .dllc jjJa j-alb ajjoiL-a Aiv^a ^gic (jjjl 111 j cdUUxll 
dljl£ jA JJJ j ,4-ljLa jll jA 1^3 4 jLajlb <laj!Lall Cllc jjJa j-all (JlilLal Lai ja. ^ jjJa j-a (JlilLai 
jl ;djl£ (Jjij .sLiLa V jLajll jl AjjUill j .fjjiiS (J^yl J 4i^lj jLajll jl ^j^l I jj^a a i lift (^gic 
jj i aJJ jl ^iklou «. jaII j*^ lilli j .^g mail jLjxU (j-alLa. (JSji 4i£l j 4L1K Ijjj^aii yiul jLajll 
4f.ia.lj jLajll jl£ lil j 4^a.l jll jLajll li^l <il jaj Vj dboula <iajVl Lai <■ lja,j j ia.lj jLaj J4C- 
jUxll LailJ 4<iLliail a^C (JLiiLal j* t_l£jlj j j 1 ailll ^alj La 4 jLc lj <_Jj ( j j 1 eaJ |j jj^J jl lJjAj V j£3 

.ia.lj ^ ja. ^ji JLilai jx> 



j jL}C jLajll jil 4 t ^A\jj ^Ul (JLiiLal jLajll j 4tjL}C <_Jj ( \ jj 1 eaJ (JjuI jLajll ^ ^^aLjj !iUI (JLlLal 
jj A -^-yiW j _<jjLajll j jLajll jjj <_3j3 Ljaji l^gJ j 4 jLc jLajll ji dljl£ Cilii Jjjj^aJ yiul 
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Aijjca (JS Jajjoi _aA jLa jSS call a Si (JjV_i3B_S\ I^A -( _jLa^ll <_5.Sc. \c jfilA j A 3J uj " 4_ijLa jJI j <Jjj>^al jLa jSI 

.4-al*]| CjLfcpJl lillj ^fl Laj jLa jll jc Lb ^3 AjLS 

4 «■ ^LlioiVI <_gi LjlJal J Llliai (JJjS j ( *^ 8J i a a Lajl£ AjIIj !j _a^. j-a Ljjjoi (__yuS jLa jJI (j) 
LajLa (jl£ jS 4jV .AJliilaV Ajc jjJa JajjjoJI (J£ ^J^j (j^ <_5^J ^ j iL$J Ajc jjJa 

Ua 

(jl (j^-aJ 'L$-}SI VI £^JJ V l$\ c<LajLuijVI 4-luil mail <J (j^> <J£joi Aic jLajJI 

.jLajSI 4iiA <__.Sc. VI 4-iuiaJI Ajj^uII <_gi LiS oUiVI S^J 

j| : JSA\ jc jLajSI Ajjj li* <__J j .cbl£ Li jaI _*Ji3l <3£S Ls lisl\ ^K'H Ja^l jA jLajll - 

<_ya.jLa. _aA Laj ill lift <___!& Jlia. ^^jLa. <jL}C <J£S j all a SI J£.uiSI 4i.ua cjULJI 
(J£joi Ajli jLajJI Lai .LAjjc. lAJla. j <Ua.jLaJI j&\ jJalS <_ s iji3 Jajjoi yjj " -luta3 

,t*-a <___a.jLa. j cjlaLj (jLlC <J£S (j^aSLa. 
4ll*ilj jA aj^ij <_£iSI Laj] j cLijjLaj (J£J JajjoJI <iua _aJ cjLajSl AjC jjJa ^a J^jj V 

Ajlkal l 

(jl (jj^ c<JLxLal j Ajjaia. 4j^)aj <_J£ <_gi (jLajSI <_5l) _»^J (_gA jLajSS <LaSLxLa]l <LiSULa]l 

_4jI j <_gi ^gjoJI J ja. ^ jLaJl <_gi ^aa. j-a Lujoi 
jaiSI jA <jLa jJI j jLLaJI jjj (JjLliSI .^LxiSI ^^ic jLLaSI LailJ c^l jjSI jLajSI ^ajL 

:[2]JU> 







5^ SSI 


<LiiSI 




ji^vi 


lJjUjSI 


jjUSSI 




jLnSI 




4jj j£joiSI 




Cj1^3I 


ajjjjt^iSI 


<jjii£SI 
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4^ual! M-Jalll J jU jll 

jj Igfiltj j .frLaul jL^all WjLi J -cs"^ lA-O^ J* J L^-aAl ;4 jimill Ajjajll ^uLu 

jl (j£-a-a]l (ja (J-^ (bA 4jjaj]l o^A J AjjoliJI A Sluball /> &a*a <Cjjoi ^)J^i <_gA f. j' all Acjjoi 
j t( jl£-a^3l) jl£-a]l j jLJI <_L-*a!La j^g-a-mJ *^ i caJ ^ jLj£j (Jj ttS^Ual jl£-a]l j jLjl jjjj J i aSJ 
j) ; Ca < j»n°l j£ia Jjij Ja-all I^J j jliall jUjI Jl <. a\ > >i i £jlj Axj jjl -UlaJl ajlA J (_jLaJ)ll 

jA La j^j Jc- La^ja.La ijj jjl j (jjLail V LaAj jL^a jLJI j jl£-a]l jjjj aill 

<JjiL V j sLajl jj jLajll jjl jAj VI ' jl£-a]l j jLaj]l jjjj ja. jJ (JUL jl£ cS-^l (=^-^ (JJ^I 
Jill ,JaJ jll sL>j^I SjSa jjl il .Ajjajll silA (jAuil Jc SaS i a csLaJi^l (j jLoiLa jlLall LaiiJ tS^lcVI 

c 4ja 4<j^ - ; ^ti ^L^Vl j jaI jiall 4j jjbii A u^O Jj j ^ £a ^ (j*- - ^j-^"-^ jLajll Jl lsj*-* 

£^j«a) ajLiiVI jUal Jc- L-iijjJJ t^jm'i jLJI jL LIS |jj Lai 'JJjL < __ sr J^l L^J jA JjLj jl jj-^ 
AaouILj LjjJaju I J jj^l J f» i^=>Vi <— s!>lii.V txjj eAlaia dljUa^l j (<±i j' all sjLuiVI 

j c^gj-aj sLijI jA jl£-all j jLjl <_L^a2a J JlsJj sLijI jjc iii.laull (Jla-a duj (JjJs CjjJaau ^gJI 
^JlxJI lillj LailJ C^SlIj sLijI li 11a ^al^La C^sJjti]! l)Lijl£ j-aiLoba ^SlIj fiLijI lj (JJjS (jil j^gjLjjli]! ^JlxJI 
c C5 ^jjti]| jLa^l^i ; jLajll ^gJI jjjJjJaj]! tiK jjjj ^jJalj (jjlill j .aJlC Ajiaj dllAlaJjl a} Aij^a ^aJ 
jj£-aj j fLlx-a]l 4iiA ^ ji jjJI AiiA Jt Lai tlljl jaJl Aj3 jj jll eUjVl ji jLajll 

maJl jl^aluiVI J Aj^)A dlli AjS SAa]I j ca^)£li]l j (j^aJL ajjoilxa ^J-lj jl 

£jJa j]l 4j3 JlJLaJ jl «^u"i,„i cAjjjou]! 4j jj Jso (_^ill JL jjall jLa j]l Lai c<LJI jla]l ClIjjJaLaJI 
j AjxaI] JJjLt-a J^ ^ 1 '""'I VI Aja-all ji Jl jjll dua jjx djjl _^aJ] ^LUI j jLajll 

J (JjJs liA jj-a j cCllJll tilli Ljj3 cS^V?^ Ji^l ^jj-O^ SjLuoVI CllljUal Jc L_a3 j2i jjjlx-a t Jl _a!i]l 
j cCllJll jiJI jjjj 4jjla]I j\ Jl jj]I cAjjx-a jjjlx-a £*ia j Jc 4iLoi S^SlIj <L Jaj t JlJLaJ jl ^joi j]l 
^jJaj jj* AjV (Jj cALLoi 4-alc Aij JaJ JL jji]l jLa^l AJla. J ~> laJlS V ^gi-a^ ^g-v^a-a]! J a I jL.ua] I 
J lAiiJlj j]l jjjjjlLa]! jl AjL^I J L>* J . J^3^' u ' '""^ J SIjLuiaII 4j J^aJ (jjLLa 

^a.jJ (_5^JI SjLiVI jUal j ^al Jl Jaj A^-3>J (J& ( ta jJJ Jl jJa^l j JlJLa]! (jaLjS 
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^11 J CM Jll 

lilli Laj c^jfijjA lie J£ll Ajjiij diLioi ^1 lillS ) Ujjill KyKj Jl cjjl£ ji cHa 

(_3f2ajj (j\ (j^-aJ (jLa j]l (J-^LjLa (ji ' ;-lutaJ (Lg-}3 AjjjouII AjJ^aj Cj^^xj (JLi..M Asu jjjll KjM<j^\1 
V Lij) ;4-}<«£ll Kj'Kj Jl cJla cAjjLjjS ej&Ui L$J Aa. jj ,Jill t_ajjjii] LiAl.iaJ jbji UK jIjjj Ai^j 
Jj 2^-5 <^lb j cAiljlkl £joi jll ^ (JjuJ (j^*J (jLi-a ClbaJ (JiaJ (Jj t4 AijJ ^1 <Jj**aj yl (j^-aJ 

<Lli jAl jJall <J£ jL eijiu V li* jc !ijJa3 j .eJ jj^jaJI SjAliall -LJa Aj^aljll 4j.laj ^ill J*ill 

V 'SiJ-^l J*' jlall (jl £^)fjjjA i_±uij dliaj jj cjlS-all j (jLajll dlljUal ^ <J 
j .lilj^J dAj] txJJ Lgic Laj|j L_iljaj| lluj (Jj i^jill (_3j3 ^Jlxil ) ^lc JC-I jill AIILa 4A1 

Jlajj ji £jJaloU V (^£31 Ajjiaj (Jj3 La (^1) 4-ajjill jjill ^ AjjLIaII 4jjL* jll ' " »l J.) J ■ ^''^ <jli Ltjj 

.j^a X VI liSjJJ V ^1 tills ^iti tAJj^a all dULxll aIAj 
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4J j&$J| A^li^Jj 

jaIII jl (Hermann Werl) Jj'j u^j* .-^^ <-_a^ jjc. ^.ha ^!>Ua^aV 

L_ajjju (jjxlai ^ji _aA j (tlA-i>Jaljjli <iLalc) (jjjjJabjll Aic (jjLotsJ liJUAj '^jla j ^y^- 

^jIHj (jjJjJalj^)]! ^£j!)Laj ^LiJajlj jJ <_£Aa ^^A 4-liuiall (j£l t (.llLaluiall J dlL^Uaj a V t 

Alii aa ^A AjjJal_j^)]l ^^-iJI JJ^ll J dlljaiLai^^l sAA ^Lal L_Sj3jll (j^-aj ^ .^^-l^J j ^frjl ml 

l^j Cllf-Lsv i _gjl\ aj-alall gjtijJl ^C-j ^gic AjjIc jjJa _*a11 -Llajll <J ^a. (J-lsJl (ja OLliJabjll hjj) jiij ^ 
jjjjjJalj^)!! (_>a tjJaSj j 'V.lsv AjAllLa !}UI Clllc j*-^- all ^ lllLaluia Clllj .ill t^Jaill aAA 

^& LllLaluball oAA djl£ til .LllLaluiall oAA ^J<Q (_>a ~3 La j (t_.ll.uUj j J_jjl^)J J (Jjlj (JliLal) 

4_ixl Aol (j^aljjci i__L\A <Ja ?jjjjj£ll 4ilK,a j Aial ja Cllb liLala Up C5 -i-_a ^ 4jj_oj__. -K-J 
(j-a t_ljj^i] Aaia ( _^A ajl-ull <sAA c4jjjj__a 4_ixJ ^^A ObjJabjll ^-Ic 4jjjj___JI ?^j^)Jajujll 
^jj La-lic 4_u___Jt ^ .A-u-aLjll Cjliluu^Vt j CjIcI^jVI CjUaU] o.--*-all 4_ba_i_ll j Ajijqilall AJlauJl 
(_5jLol1a]I AjjI^I ^jlill ' - 1-J all jJj (jij (jjJJjjC.llli]l ' LujjSI LaAic. ?<Jjij IjLa ^gjoi J j^. ( _ s jJaljj]l 

j Iaa ^al ujjSI (jLaiiS ^gic- IjAac jjaLaJl l^j (j^lij l>°^}^' Sa^j (j^iij Ajaiba (j^-aj ^jjaLJI 

y/2, »1 <u^all jIa&VI Qlklui* llaila q^Ji Lai ,^aVlj J jJall ^^Ic A^LajooSl I jSlial 

iS±l lilli j (Cardan) o^J^ ^U^l jIacVI lil li* t> ^1 Lua i Jj 

(fundamentalist) ajIj^VI 2^ a >>^' i> .^W 3 ^' ^j- 2 i = \f-\ <UUJ 
^ ^ jIac^I ajIj j t^aaa jIac^I 3^ cs^ll jJjI ;4lS jLa (Kroncker) J^j JJ^ ^W^^JJ^' 



28 



OsjULAft 3-»Ul! 4-uuull Ajjlaj 



ijjjjjJalj^)]! dl^UaJ j ^»lAjl Allk^aa. AjjJabjSl OIcIAj^H lil jA j CAjjJab^l ^ jjoi ii3UA 

AjjIAaSI Ai^aJl q±i\ j3 AllAiji (jilt ^^laxJl £jUa]l£ ^^^laC ^jbjjS £jUa 1 g iJa*J 1 '".^ 

J 'UJ^^ J$ ^ & * ' J LS"^ AjoiAigJl dlLaluba ^^gic oAaaxaSI j (^ aa>LjjSl£) CllUaj^)i-a]l a^Sluball 
^glaC. £jUa la>Llui sift ^jLaluba (jL i caJJ (jS t j^k]l ^Jajoi (^j-lc (jLoij^l Ja jiA UjAjLu 

[^Ljaflll jjc. 

.lAbLjaS j LuAlLa ^aAl j Igijjjtlu iAj] jlAgJl A ■ a jig SI ' ^1 (Ja*Aj 
lilaull lift La <j£] oAjAc AjAilal V OLuAiA iAIUa 'AjAlSiil V <jo.HA 4-pJal JJC. Aja.AiA <J£ 

tAjaiAjjjJl oaa l_sj*j j jlc. j (Bolyai) j ^^'"''''"'iljj^ <J^ ^ g i > 5& ^^l AjaiAigJI ( _^a 

.^ u ii u ubj] a^asa jl Hyperbolic geometry jJI Aja.AigJI jl aj]j3a$JI a^ai^U 

j '(neutral geometry) * \^ a ^ * • " ^ ^ diLaluba ^glc. 4 ■ a SI ( _^a aJ jSa^JI ■ a ^ SI 

.AjS jlAgJl A 1 " jAg SI ^3 (_5 jl jlill A^alubaj 4<_g jl jlill Lll^)AiA A-alaba (jAiLaili 

P l>« ' " a LJSVl C5 lc / 1 a all C5 Ic V P 4 Lajj jj<a ;Aj3 j^AgJl A mAifrSI ^fl <_£ jl jliJl <LaiaLa 

/ jjalobal l jljj 

CllLalubalLl AjjxlLoba ,l5 jl J-iSl A^aluba ^jC A^nsLLava AjjoiAigJl I jl i iaaSI tUlLlij fl jjl a all 4 i a SI (jJ-uii 

jl jliSl A-aLoba ^jic oAAix-a JJ«Jl j oAali*-a]l Ljl i aaSI jjiS 4 Sjl a a£ tAj-lila^l AjoiAigiS ^J^fl Asuj^l 
Cll^)iilA dlLaluba c5 jl J-iSl A-aLoLa SaJ j (jjAllsl dlLaluba Aj] jaui jiiSI Cj^jAjA dlLaluba 

;4 » 1 1 call aAgj 
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(ilLiA jSSVl Jc P <Lajll£/ ^jalouJl Jc V Aialj jl ^jalouJl^ ^sun* 

. / c5 J* J P i> J-«J 

1> 

< * » 111 

< ► / 



j y*La.yi3lj £Jj-a AjAjISVI <joiA1§JI J ji^Jl <joiA1§JI J AjjLolLo ^LoiSl tll^J Jl 

^_gi Jayjoi]! lAgJ ^»jaiy]l 1 AA y£3 iAjs _jLla <syjl.S A ^ ma (_£jLol) Aj^l ma 4_a>yAa ^^li-Sl syiajqiall 

[diliail lift ^X-bi J jJa] la- V j IfciS tilliall 4aLaJ la. J Ajjllai ^A 'UuAigJl aAA ^fl 4^*11 

4 Ilk JljjJI i^ljilVl >AA ^jiaJ 44jAj3SVI AjaiAigll <A j3a§JI 4jaiAigJl yj£j yi LJ>aJ LaJala 

i—fiyxj jll AjAjIS^I <jaiAigJl Ldjj AjjSall 4-Auu]l ^Ijjl y-a ^ <J jllgJI <jaiAigJl yl jA j 

dlLa-Luiall j dlliLuiall (JLa-a ^ AjijLajlaW A mAifrll lillj Jc. <Jj3.S j Aj3 yjJJ*j c^aII ^JlaJl 

CjliLouJl J IgialA*^ AjAj^V* 4-">>%^ ?<«1**JI Jla^Jl ^.AigJl sIa Jijj < b£a taj^ aall 

(jC. SjUc jA ^jilouJl jt SaaJI yl£ yj iiilli Jc JUla tfAa. oAjxJI L_l£l j£3l yjj dlliLabaIl£ QJ^II 
aAA jjjj <Jj>^al jill (_J£joiJ ilgjJaxJ (jC lAa. oAwu Ajj jjJa Ali^ii J J^J 5JLa. ^gi tj jjJa ^Ixjoi jj.>.art 

r l LkVlj 4 V ?\ <*-J^ 180 «— lE-all lift blj j ^ yL L_Sjxj yi U^jl lil ^(jjLa) tlllla ^jliall 
yA jjJ AjjIj jj3 (_jl Aa. jj V J tt_ljLaJill fiA^£ ^-ibiij yx (jaaJlil yC (_3j*J ,„1 ja\l yc. <t aJSlllII 
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, J liLill e_laj 

^Laa-iJa <JjS 4-^)3 S JJJ-* J' <all '\l ■ aill 

j iAjS _ja. _ja3I JJ"* - , < jjli (jj^'u/i (jC- ojljC jjj jjlj fl j j i aJJ Ia£ (J-uJ ' <aill ^ u 

V !?.ljJai]l I (jjl}3l£ JJC. (jjiiaiAigJl (jJjlA !)l£3 ( -£jaiiujjljj3 j (jj-lilS] fl j j i alb Lax .laci Alluball 
(AjAiIsI !>U|) <sAA Jjljlxjl J^&ll <_£ (J^i ! JjfJ jiiijU ^p^} ^ 4ja.-%ll jLi <ja I^A (JlfiJ 

_AjJjaiill Aj^)^ ^jia <j-« ' " u£ aJ IaI I folic. L_fij*ji ^] yli 

(Ja (JIjjoiII j iA^ujzJi *^ J '"'^ ^Ujluii ^jUj t"unjl ^^A 4_uiAl§Jl dlLaluba I alii ... J^*J LhjIa 

j ^.la i all j& jjl jjVI (_£jla]l ^Uaill <Ja i<lloi^fl eAA (_ll 4jI ?3 a Aa 1 a Aj-lila^H A 1 u SI 
^nJaall dlljj|ia.yi j A^ja 1 ~W AjjjjjI£]I Cjl_iilAa.)fl Ja 4 Jlj^Jl L_ll ja. ^1 Slate. ^J^flll ^Uajll 
.4-luiLLall 4 m^lfrll ( _^A <jj£i (jl <j^" A ' a (j^ 'c£^>^Vl AjoiAi^JI (jA ^tk-al ^_^A AjoiAiA iyil ?Jate 

<JjVI ^joiill :yLmiS ^1 <ijai^i]l j frLakJI ^joiijj (conventionalism) <j-iiiiili a s > hU1 I 
oj^jl j ^jIajj ^a j ^>a.^n ^joiill j tAjjIi '^^Ljs (metric) ^yl j j ci^lj j j^j 

.Aj Itlaj ^_^A AjjjaII sIa (jlj (jj^iiu (jjlioijl j 
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Saccheri quadrilateral cs j**— fJ^Lia! c^Wj 

< ^cl_j j )ii lift ijjjAila^f (_g jl A-aioba dlLul (j<4 A p^^Ljai ( _^clj^j (_5j£Loi ylatluil 

AjAjISVI Ajo.,%11 Aj1c ^kijj La (bAj JjVl <!LaJ) CjLuV 
La <j£3 AAlLill AlLaJl ,_J (j^allill t5 lc <jA JJJ ji pi Saloil 

IjiA J*^. AiiMil AlLaJl (j^aLu Obii] o^- 4 ) f-^ .AjILSII aSUJI ^j^aLuIl ^^Jc <jA jjj ji pj LU 

.AutLij] AjlUl s^A (_5 jSLa. ^juSj ^ (j^3 Aj3 jljl^Sl Ajoi.%]I ^fl Ajl£-a IkL <ji ^LijJI 

Lambert quadrilateral £5Liai 

(jx Cj^ia^ p^Ualoii .S-iLa. AjjI j j A-ajl3 Llj j Aj^Ij (_^a ,jj£ia (_£j£Lui ( _^cLj£ ujia^f 

La (_£j£Lai j u£c. ^^Ic (j^3 iaA jligJI 4 1 u ^ SI LL-iaa jj^II (jA^>jj yl ^gcLijll Iaa (.Pla. 

_dlll!La]l A^Loba ^jl i ajj j dilail A^Laba 




(_5 j£Loi ^^cLljl (Aj] jiAA Ua dUila]!) AjjUllail Jajljjll (J>hm 



D 



c 6 
sinh— = coshasinh— :<_?j^ cs^-Wj ^ 

2 2 
sinhc = coshasinhZ? :^Of«V l^^J 

JjL c j b j a 
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Ajl^l ill blj jll ^ a j 27i u£ <jj^ 3* ^ j^V^ ^ ^ Defect 1 . y ^ jl (jL-oijll 

Defect (AABC) = 7i-(ZA r + ZB r + ZC r ) 

cjUMjl! t_u.ua. Ujjll A_Litj]l oAA 



J ' - — i a <_$V k ' " A J — JJ— jAC i_U& Aj] jligjl i a _g SI ^ 



= ^ 2 x Defect (AABC) 

Aa.j_4 i_-_- Uj jll il_l_ I j) 



= — ^ x Defect (AABC) 
1 80 



ABC 



tlluu] Aj] jligjl A__i£jl A_La_ . #-£ 2 jA C_ll_l A_i_*_ tf .^Vl __ll Aj] jiigJl A__i$jI 

l!_L_I A_.L_a ' -1— __ Laij j i^lijjVI ' 'i'^'' <sAcl_l t— IJj— a <J_al_. Aj ^USfl 4jai_l£jl ^ ^ b_> 
(jal^i—Ll IgJ jSI) 4-_l_ba jj l1_L« j ja.j (j 4 - - J J— — U— i .A—A—b— I i _i_ <j_jjli <j-a 

.Aj] jSigJl A_o.%]l 

[^yfc Aji_l_il olllj j ^ j"?- a j ' - llj all 4-_l_ba yJJ JaJjJ (jjjliJ A_ajlj K — -I — j) <jl— lil 

;<Jaji^]| sift til Via. 
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jlaj lJLo. (jji jSSlI j a^jj 1 80 t> <Ji <^iall U j j aJUJI s^a K < 0 

.aJUJI oi$J AJ jljlA Ajo.HA pCn 

ajui] yj^i jii 

S ABC = k 2 x Defect (AABC) 



K x S ABC = ZA r + ZB r +ZC r -7r 



SjLiC AJ jJi$Jl Aaii^all yL g . >in / = -^^4 A-kil jll oiA ^ £ = /i? LLJajS lil = L jii 

S n =4^ 2 sinh — 

° 2k 
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P (jljJaUlo jl a/sun alt (jt L jt » ^J V QP 

X ^j'Vu . nl t ^1 P AJaij jljj 




*■ L 



tan— = e K 
2 



X ajalaball Jl AaouIIj P <Jaij]l (J jl jj Ajjlj ijVi j H(PQ)° i^A <^J-ill C_±ui^. ^ I ■ L&J 

t li^i'l <JJa tail— J '^.IjoiaII ^jL^aij IgjiJJjJ J£-2a Ajjlfill <Luill ^j^jlill lift ^ k 

AjoiAi^JI ^ jA US (JjliI 4-ll jl-^Jl 4 ui^JI Ajjljjll <JJa (jL jj£illl I ■ lag .jLjl dulj Q j d <Jjl jll 

_L ^Ji'uinll u^j j -4 j j^Ul« 

,J u^ <joiA%JI ,J jljjll <Jjl j (-A j — jljfill <Jjl j (^JtxaJ £ oo <1U. (ei 

" * 2 

AjAilaj <jaiAlA Aj] jl^Jl AjoiAigJl g J i aJ Ajlgj V U ^<^.Loia11 u^ ' ^"' a *' ^) k ili^jll c^*-" 1 

all j^j (_5 jl jjll Ajjl j ^B-mJ all j^j Ajxjoi <UU. ^3 j 4 L ~J"' ' " (_5 j'j^ -^lj ~J°''"'" Cllli 

jl^-ft Aj^x-ajj 4 1 u l^A A il^l ^ 1 1 4 m^l^ ll /*uLL^aj ^ 

k — > co => ot — > — 



k — > 0 => ct — > 0 



^* i a II u-« ^ jl^-ll <joi^JI 4-ijjVJ iilli£ ^JLaJl si* ^ J — > 0 ^-"^ t^l A: — > oo u^ 

l\l caJ jli$!l <joi^Jl ^ ^-%H -Wjj u3 v e jj» > ^ ^UjV l^j ''Sj-^V* 
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OsjULAft 3-»Ul! Ajjlaj 



^yLj ojjiu^a k ^jJl (jjUalb dJlall lift ^^Ljai J jJa LailJ SJJ*J j£ tlj^J ' - llj all (JJJJ 

Engel Theorem J?jj 

J j^j (jij Jala j yjj 1 ^Sj (JSjiil <^fl AjIc. <La jjoij-all (JJjcaII 4jjlj>ll ^jllll ' - llj all J J^-J 




JLfill 




1 j^iii 



JaaS UA lAljj£i t jjL^all ^ AjjJaill ai& (jl&^W oAALaba (j^-aJ J clM^W ^ AjjJaall sift 
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OsjULAft JLUlt ^uual! Ajjlaj 



eAA <_DU. (j* <j£] 44jAj]SVI AjaiAigJl ^fl V j Igjlfij (j^Ai V U ■ ^« iAjaiAigJl sAA U ■ 

U i aSIl oAA -( _jJ jligJl frLiaall ^fl LLar. !a*j IgjUaC-l j bLjaSIl oAA tjUjJ <j£-aJ A^aiaball 




^ R ^ : ZQRP<Zxpy 
QPx Ajjljlt Jib PR fjilu^l : < 



ZgPi? + Z£>Px < Zxpy + Z0Px = 90 
Z£>Ptf + Z£>Px<90° 



bl j j ^ <^blb j 90 l> c$ A PRQ AjjI jll ^jlall dJlall (j-a lMjj' j £. J"^- rt ^ 

.4* 180 (> Jl A Pi?g £d5*H 

AjL^IaII oblj j ^ J"?- " l3j ' " ^ jb^JI AjoiAigJI (Jj SaJ i " a A j^j ^Ac. ^^A AjjJaall oAA ^jIjj A^l 

(^j^360 
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OsjULAft JLUlt ^uual! Ajjlaj 




PQ ^ 

n PSRQ <L»J! ^ m Ai±kia S 'jV jU^lai* j^c. PS j j m ^u^ll 

1 80 l> l$ I— illall Ljl J j £ 

LS^ C5 j' J-^ *Lalui<a] (J^llax (jlA^>J AjjJakll sift dluul) L ftffi ' " U^j' IB J PS ' " Icp] 

<-aLaba ^jic. jit, -laiu j Cjjaa^ ^cXlj ^jic aUIuiVIj ,jl£ (jlA^Jl lift t<J jii^Jl mJli^Jl 
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OsjULAft 3-»Ul! Ajjlaj 



AA' = BB'} 
BB' = CC \ 



ZAA'C = CCA 
ZB'BC = CCB 
ZA'AB = B'BA 



ZB'BC = ZB'BA 



. U qa <L<aUll (juijj JjoiI C J B J A Lp] '(J^li lift j 4-J jii^il Ajoi^JI JjWimmll 
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OsjULAft 3-»Ul! 4-uuul! Ajjlaj 



(Klein - Beltrami Model) bP* - ^*Lft 

4 ->-a- all C5 Ifr R lA jlaS ' L^ai j O ^* (^'^" ejjb) y sjjb (jt SjUc j _^<u]l liiA 

X<OR i'""' W ejjWI aAA <J^ X -laliill <c j.a^.a <jc SjUc ajjl.lll e^A .Aj-liliWI 

I^A ^ ejjl^ll e^A jljjl iilli£ tAj] jli^Jl all ialSj sjjWI Ji.b JaUjll r j j-ajll I^A 

j y sjjl^ll <Jikta ^jljjjLala B J A £ j j-aill lift ^fl jli$ll <ajj^all Ja jlaa. j j-aill 

Jalij <^A 6 jjl.il! Saja a ^^Ic 4*S! jll Jaliill j jajI! lift ^fl .yiiialill jJjU <_>a j-aj JJa j jjj lilLiA 

,4-jl jli$l! all Jalij JlaJ ^ j AjlULa 




7 



4_ll jl^JI all (j^-^ -(^r^J-^? 



LjjjII j'jd P 2 i> uO^' u'j 2 J^L^ J£jill J 

(_5 j! jjll <aLola] 4_l.j»^all 4 «Ai all jjL jj£jdll ' ■ y fljjl.}ll (j-a 

V j^a ;,_A 4j1 jli^-l! A u^ll ,_fl 

^laSj *^ j 4 Saiijll j-a j-aj ^jaluLa J-*^ JJJ- 0 



^ jLt-all 
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OsjULAft 3-»Ul! Ajjlaj 



<jS>sJ V (^^^ Ci J^J ^jSuno (JS J jJa (jlS lit ^jbjLouj ojS*im)o j 4<_£j3kVI (J jLoiJ Ajjl j <J£ 
JS iaL V (jJa. j ^AjSSVI Ajai^l r j <j JlaJl 3A US j-<uSl I^A ,-fl ^jalaball J jJaj eli&Vl 

.fjAia. tijjxj Al^alaH j\ J jJall elSaC-i L-A^Ji^i jAill lift 

;^U]t ^ j j-a^i lift ^fl <Lalall lJj^ 

^ ^ j j«u5l 11a <Lalill yjj B jAl« ^j-^V* <LaUll AB l) o^j^ 




d(AB) = 



1 



log ^ 

& BP*AQ 



4~\r\\ \ia j ^jlall (j-* i_iUai Poincare Model ^jjISjl £^ ^ <^SUa 

2" j _aAJ (j^a^)fr jj-a (j^ajitJl _Lj_iJaxJ £-a (IsOHlOrpllS) ^ SSI ujJ a 4_lS jl-^Jl all ^iLaj ^J^?* 

IgJ^ili. (j-a (jS-aJ AjjoiAl^Jl ^iLaill <ijjua] AjjISjI J- 4 ^ JJ^'^^ J U^-^S -^^IjlL 

(j^aju Cll^^Ja ' 8jS Lilaa^V LaS j tLLaC IAjja^bj j IaAjjolsJ L-Ixj aJ Aj.mLm V I ajSiSl SaJ 

iAjjoiLoi^l AjjoiAl^Jl U 1 iaallj lllLaluiall £-a ' ■ 1 1 ul oAj^ L_fiJjlxJ Clli^i j AjjoiAigJl (J^al jiJI 

4 SaJ 1 aj L_SJjlxJj SaJjqiJ j _oaj .AjAlla] !>Ul j AjAjla^fl <joiAigJl yJJ _a!iSl d AjjV US jjoiJ ^iLaiSl o^A 
IgSlj^j ^^la. j lA jjj>^aj L-ULj ^jLlSkSfl (_Ka«-J S^JAa. J ^aJAli-a] U5 jjoiJ ^51 j]l ^-a <-ajl jla 

JllaSl Jjjjo. ^giaii i<i^aliSl j J jJall AjSlSJij gAj 4 j j I^A (_J AjjllaSl ^* Saajll jj^ SaS 
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OsjULAft JLUlt ^uual! Ajjlaj 



4 idKlt 4 nmill 

*** 



eAA (j-a ^Aj^jJaill aAgJ ,J jj^at £jUa dlli iAjfioiill ^JjJaj flj j \Aaa j dlLaluia j ClAjjJa^a ii1U& 
IgJ i^lxa j lllLaluia ii1U& ,<LaLrJl AjJjoiill aaJ La Ig-La j 4_k^aLiJl AjJjaiill aaj La dlLljJa jail 

4^aluba j ^La iAjjLjjS JJC. talxa]! j djLaluball aAA djl£ yl j Aj^Jaill aAA (^jAc Jjj-aC JJjlj 

Ajjkilt si& Ljj duLtlaii ^1 IaUaII j i— lUjJajall .ajaJsI !jUI ^LaiAigJl jl jlll 

.^LuaLkll 4_llulU| CjUJaji 
AJLk»Jl jaII <^fl 1 g i nil *.Lj jjflJl (Jjijl jS ■ 

j' all j li a^all A£^)^ jjc. 4 SSj i u " £-J^)i]| ^ p. j' all <C jjoi ■ 

: Cosmological Principle Ua.jJ>«j^J^ i 

<( j-al_aiJI -ik _o<a j y aJLa (jj^l I(jl ^^^C- lAxail lAA tAa. £-»jIj (J-^L^J ■ 

jl£3*^l aAA j ^La lAxa ^La Clbaijjl jl£al £ja Ac ja^~a (jjliaijl Jjlial 

.eALall <_L^al j3 Ajc-I jjji JojI jj <_£ _ojoi ^joi V 4jIa ^fl eLwaall q 
eA ja- j-all 31&1I [JS j ojaII oAA 2Jj£ yjj (JcliSSI £ jj 4^13 ^ SjA 4j3lk»Jl 31&1I q 

.LjJ^A^. 2 V;<\\ 2_ujaull A£jiJ| jA tiLjl£.La]| <J ^all ^jill q 
.AjjaiAiA Aj.^U, (jllaj V (p I jail jl) bUJI ajoia. q 
/o^La <LuiAiA ^ j t4-ui Hfril (jJ*J (^^ill (_^A o^La]l q 

:^JIjAJ| 4_aiuta 

-( j^aj^)i<a]l ajaj i " all (_g jljJ A^lj ajSluba ^joij (j^-aj ajSluba (^gic- *^ <Jakj y-a ;AjAi1s^I 4 uAifrll ^ 
-( j^aj^)iA]l ^jSj i " all ^5 jljJ ~ i u a (j-a jii^l U^*d ^jaiiuia (^jic- ^ 4 SaSj (j-a ;4_}1 _alA^JI AjoiAigJl 

^jj^aj^jLail i u all (_g jljJ i u a ^"J *^ ■ " a ^^C- V ^Jaij ^j-a ;4jjj aAill <joiAigJl ^ 
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OsjULAft JLUlt ^uual! Ajjlaj 



djlcLuill j-a 4_l&llLa V Ac- J^aa^a jC. ojLjc jA Ajfioull ^ ^Ai^aljll ji Ja^)La]l ji jJalill) C_l3lj-a]l 

Clulii <J jJall lilA j tAfllla<a 4-J-aS (j^-"i ' . ' j ' (J ^AjUxuill ^ (Jjliaa jLa j j (J jJa lilljA <_Ja 
J ^i. ^a]( t_JJjJak]l J ^aj Ls lc <UUaC. j-a (J£ .lac. j] cs"^S ,4_lUaC. £^.J-« ^ j-a (J£ ^1 Ajjoiilb 
£Ja~^ ^jLoba <J jJall lift (jj Ij-la. jl t <— lli iaall <J jJa (JjIjAJ 1 _axli ^aJ ij^Loi <— Uj iaS ^1 i4ji^j-a ^ 
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.CllA!) ^1.1^^1 j^J-a i(jllAj X3 J X2 JJ^ (j^JJ - ^ 



X4 X 4 





x^ = x^ cos a + x^ sin a 
x^ = -Xj sin a+x^ cos a 
x 2 =x 2 
x 3 =x 3 



S ^ <!i.sLa. <j£ (J^-O t J Ifluij AijjUl sift ^ a3 j£la ^1 ( . Un'n SijiaJ (jjxluij (j^H 

I^J (x y Z) f ^ ■ dlLulAaJ £C J 1 <aJ J i = V— 1 'Oajljll si& ^ x 4 = IC/ (,r* 'S^-^- 

ict = x 4 j z = x 3 j y = x 2 j x = Xj 



x = xcosa + /c?sma 
zc/ = -x sin a + z'c? cos a 

y = y 

z = z 



+ ZrjJ + cz + J = 0 
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OsjULAft JLUlt ^uual! Ajjlaj 



(acosa)x+6y + cz + <i + /ctasina =0 



^ S (^ Aai^ l sIa 0 x j (P-^V 1 ^i^> £^ li^i a=b = d = 0 d&\'4 

j Aaij^al l ^JaxuS a =t = d = 0 ^) XyO Aaij^al l ^Luo. jA liA Z =0 Aaij^al l 

^ s i^ju- 

x = -zc£ tan a 

.xO l^Jliijl —icttana j xyO A^i^all ^jjl^a ^a o^a 



<J>^aLk <ULi. ^A jljjj] L-i^AjLA (jl lift (3-4 ^"'''"'■■'*' 

gi -icttana j xO ^ 




-ict tana 



4 j i nilb 5* Jliui <£.^>xu lij 

:lP) u S 

u = -z'c tan a 
iu 



tan « = 



(Jj^aj AjjIlliLa]! 



COS« = 



1 



+ tan a 
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OsjULAft 3-»Ul! Ajjlaj 



cos« = 



1- 



x = xcosa + ictsma 
id = -x sin a + ict cos « 

y=y 

z =z 



- x-«? 

X = ; — 



1- 



z =z 



MX 



f = 



1- 



4^ou]Ij u <«ua cjjl£ lit 



x = x-ut 

y = y 

z = z 
T = t 
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OsjULAft JLUlt ^uual! Ajjlaj 



.Zy — X 2 ] 



:lP) L = x 2 -x l j* S ^ ' .u 1 ^ 1 Jj^ 3 



L = l 4- U i 



j (j^abij^l jLiJl La£ dlij^i-^ (^ylc AjjbjjS Oljjsu A aJlj (jjjj jA lift (J jJall (jiLa£jj 
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OsjULAft JLUlt ^uual! Ajjlaj 



0*0^ d^ti 



|1 — — 2" ^ J 1 "V 
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OsjULAft JLUlt ^uual! Ajjlaj 



I^^a v o^J^ AauuBj ^aLouJl 

V = M +M 



X = ■ 



x-ut 

MX 

* 



= «Z 



f =■ 



1-- 



. -,. u . u+u 
x-ut = u(t-—x) => X = = f 



1+ 



MM 



M +U 
X = =t 

c 



(j^aj^U <AjouIIj jaLaball liA 1 g * Lib AL^alall yjj ty (j^aj^U 4 jnnllj jSLoia]! kc jui tit 

:lP) x = vt 

u + ii 



v = 



, MM 



*^ <I«1L <Cjjai f. jjJall Acjjoi (jl (^j-ic- .1^1 lift j ip y all <Cjjoi lg mij ^gjifi (jJjAi^a-all 
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OsjULAft 3-»Ul! Ajjlaj 



m = 



4 irtWW A llniill dlxdULj 

;<kjljll Aj^alail A-UjouII (^jalip ^fl 4_kjljj f^i 



4jimMI aI&II m j '5* aJIL»JI uj^ill jl aj1i^^£3I a1&3I nio aJ^jI j3l si* ^ 

.U S ^■J- 4 ^ A-luullj YS\ aJj£J| ji - i SI <C jjoi j S 

(j-* at. jxJI J_^jl a^jU. SjS Jiji ^jjiill iiLjl£xal l (kinetic energy) aSLLII 

fifc AiLaJI jjiu j F S jail j K Ak\±A\ lil . u Jl jL^JI 



AT = I Fdx = j m Q — <ix = j m Q <iM — =m Q j wdw = - m Q u 
o o dt o at o 2 



A^UJI Ajfaull aj^j^JI aSLLII tdlil .ax. jjJI 



K = \ Fdx = J — (mu)dx = j d{mu) — = j (mdw + udm)u = j (mudu +u 2 dm) 
o o dt o w o o 



m = —j= 
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OsjULAft 3-»Ul! Ajjlaj 



m 0 

2 2 2 2 2 2 

m = j ^> m c - m u = mzc 



2mc 2 dm-2m 2 udu-2mu 2 dm = 0 ^> mudu + u 2 dm = c 2 dm 



u m 

K = J c 2 dm =e 2 j dm =mc 2 - m D c 2 

0 m 0 



^ sjill ^LUI £ = mc 2 ji U, 



£" = m Q c 2 + AT 



c 



2 2 2 2 2 1 

K = mc -m 0 c ^, K = —^^=c -m 0 c ^>K = m Q c ( , -1) 
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Op^i 3-»Ul! Ajjlaj 



-1): 



! + -(-) 

2 c 8 c 



4# 

2 c 



K = m Q c x-(-) => K=-m Q u 
2 c 2 
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OsjULAft 3-»Ul! 4-uuul! Ajjlaj 



AjjI maJl ClAAaxll Jaloull j AjjLaj^l ^ jlajaill 4a.11 Ioa (j^a Aj*^ <Lal*JI AjjjouII Aj^Jaj ^3 j Jajoul 

4-Uuull (JjIjjj ' . Aj£1 ^joU ^ j diSj ' . illaluiJ ja. (J^J «LuLaj_j3l ^ jU, 4jtlUa«a .Ajjjjoiiiill 

j AjoiAi^Jl ^llsua (j^al (j£-aj jjjoiitill ^gic AjjI maJl (jLaC^I jj j ^ jjoi <J^Lk (j<a (j£l c<Lal*JI 

U^C-LuOui I^Aj 1 g mal j IAjjj**3J (j^-aJ alalia 4jjoi.HA ^ jL.. aJ UiAj '"'J*" c4jjLaJ^)ll ^ jlajoill 
,jI*j^I ^^jcLj^II g.1 i iaall ^1 4 Uj. nj\l Ajjoi-jj^Jl ^ jJajoill aoA qa 4iaj j (jj jilill j f-liaj^l ^ j$£a ~ 
^ jlaui j Ajli Sal alll 4 i a jig Si i_jaJ la ^aI j AjjljjjJI ^ jjajoill 4 la-luull ^ jlajoill aaA 

4-luila^a j (jJ*J (j^-aj AjliJalilll 4 i a Hij Si IjLjaS j ^JAli-a (J^la. (j-a ^AjSSI pLja*, ,j jIxjVI 
<luiLa^a tillj£) ^ jU. n\l (^gJc AjiSI jSI CjUlaAall AjjoUJ jja. £j$Axa (jlaluij j 4^ jJajoiSl aoA eliauj 
j ^Al QA cs-"^- 2 J^?^ J pLi^-j^l ^W-^J .(^aAjovall j t^a-aJl j t(J jUlS A a lig Si jjjliall jjLoi 

^ jaaJ 4 j'i-s i^i Ja jJaa Laj) j 4 ajflJ i a a Ja jjaa V J_ps »1 i iaall (Jjj jSo a jLall ' * 'j^ c«Lal*JI Ajfuijll dll jj| 
Ajjljjjll ^ jiajoiSl aaA ("lunl i iaflll loA qa ^jjlLaj yJJ <L^ali jj^aSi (jj^iS f.Ljai]l li^J j aaJ j^) 
j Cj^^IjlaSI ^ (J^joii jA La AjjIjj^SI ^ jlajoiSl yAJ (j-a lilklji Lajj j 4^ jiajoiSI <JS ^^A lA jSaLoi ^^iiSI 
s^JallLa ^)UI j * alalia JJaSI ^ jJajoiSl 1 IaUSaiLoiI j AjjIjj^SI ^ jJajoiSl (jC Ujiiioii ,iJllL\jaiU^ all 

J j^. ^<J| ^jlaLull .(^Jaull jUal qa Lia^jaJ Uuj j ^acl j J jlal CjUj al a all j O^jIjlaII dul£l 
(j^l jUj^l Ajii^ii ^ ^ jlajoill siA . JJ'"'/'^ ( _ 5 1c CjUj al a all SaJ i aJJ j i aJa>l ^fl JlC-LoU dlV^l«-«ll 

. jl^*J Cjljlll ^na>lall CjLulii.^Li AjUlaiVl AjLaliSlI <^^3l ^fl 

(jjj j t^buVI ^^C-Ijj frLjaS ^gi ^jlxj^l (_5J^i ^Jajoi <JS jl^) Ajjljj^ll ^ jlajoill jjj^aii jl (Jij (j^-aJ ^ 
CjLiiJaljj ^oAlLa '-— » l Sajoij j ^ jjoil Vj LuA lAJ j^j La j cAjjjouII 4j^)laj ^ jj^ (JISjoi^I s^J 

.Lp^^U-a ejliloiVlj t*Uj j 44-aL»ll AjjjouII 
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. <-) j^- tjs^ia jl jj^ ^jU]I ^JaxJI ja Surface of revolution ^ J 



x= /(6 1 ) cos^ 
7=7(0) sin ^ 
z=A(0) 



lift qa ^jUII ^JajjJl j Lai U JJ^-a 




x = R cos $ cos ^ 
_y = i?cos6 , sin^ 
z = i? sin # 




Sphere 



59 jje JiU Oilift 4jxuuI! 4jjlaj 



Catenoid J£^t ^LJL> 




Pseudosphere »j£ 



x = i?sin#cos^ 
< j = R sin # sin ^ 

z = i?(cos# + lntan— ) 




< 



y 



= 0COS(f> 

= 6smd> 



Helicoid 
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Op^i 3-»Ul! Ajjlaj 



i=l,2 lil 



ijk ilk , i2k 

ap = a x b + a 2 b 



ij _ (1 . ;2 
f g jk ~ 8 8 \k g g 2k 



j = l,2L^ljl 



2 2 



,j; - ^ 7 ij ,11 ,21 ,12 ,22 

= S ^ a..o =a n o +a 21 o +a 12 o +a 2 2° 
' i=U=2 " 



= Z Z Z a ijk bV k =a xn b m +a U2 b U2 + a l2l b m +a U2 b 122 +a m b 2U +a 2U b 2U + a 22l b 221 +a 222 b 2 



i=\ j=\k=\ 



a t b l = ap J = a k b k = a x b l + a 2 b 2 
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OsjULAft 3-»Ul! Ajjlaj 



= <*y4 



= a ik a jl A k B l 
= a ik a jl C M 



Ajjlii (rank) j j • " V' (^iAjSI^I (jc ojIjc. aJojI^)]! sIa 



//A ' * •• 



P 



A/* ~ a il a jm a kn D lmn 



.pljj^l j A i a ^ SI ^ (JjLoi j]I ^aAl jjjoiiiiSI t . )\ ma j ^)±^)jiu t4 i a SI 
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OsjULAft JLUlt ^uual! Ajjlaj 



^jllj Ajjj JJJOUJJ J A (j£ ^jl£ lit 

A U- B U > A u +B u 

jc SjIjc 'Ajjlii Ajjj j^a U.UJ' 1 ''"'' l r J J- k -' a lP! " " '^3 ? "' " *-^ c " 'rU-"-' 3 <j c ' ^jW 4 - - J* JJ' "V'^ 
Ajjj j j 1 aijJ (jc ajljc Ajjj j^> jjjaiiij ^ AjjUi Ajjj j^ jjjoiiii t_ijjJa j cAjuIj jjjoiiii 

;ejjj**a]| <s.l£J ' . uSj j 1 jjjaiiii jc sjUc Ula LaS j.) J J ' ^J-"-" 3 



c^=4< j ci j k = A j k +Bi j k 



Z//C 



4/i - 4/* 



c^^j-a AjjLolL* o^lal ILall IgXalj^a djl£ |jj cAjj^j]! jUjljoLLa jj j j 1 aijJ ,^)3j>^a (_5jLaU lill^S 

. jaj c5> ^ AjjlxAa jjj^jaiiii]! jjjlA JaUaS 

; jjjoiitill (^gic 4 jjl maJl Jaj|j^)]| gaa J sIa 

2 

(a'Z$] =a l b i a j b j 
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OsjULAft 3-»Ul! Ajjlaj 



n=l,2,3,...,n ^ *L^I ^ 

ajb 1 = a^ 1 + a 2 £> 2 + a 3 b 3 + a 4 b 4 + a 5 b 5 H h <2„6" 

f 2 2 ^22 

u u = 
f u l u 2 = fn 

i=l,2 ,3u^ 

,'123 

^ = f-du = f du + f du + f du 

'12 3 

^jfc j x,y,z djljgiiall dijl£ lit 3j2j1 ^j^*^-^ ajjouILj (jliLjjj I^a 

f(x,y,z) 

a/ a/ a/ 

t/f = — dxH dy-\ dz 

dx dy dz 

r[JL 
j , f . __ _ v j _ — & kit (jl aj uj^ 1 j^jj jjjaiiiill i . il ma 



OsjULAft JLUlt ^uual! Ajjlaj 



:Ij&a cf- o j^c- Kronecker Delta ^jjfc ^ 



i if i = i 



0 lf I * / 



r 
r 
r 
r 



i 

13 

2 
13 

3 

13 

4 
13 



r 
r 
r 
r 



i 

23 
2 

23 
3 

23 
4 

23. 



r 
r 
r 
r 
r 
r 
r 
r 



i 

33 
2 

33 
3 

33 
4 

33. 
1 

43 

2 

43 

3 

43 
4 

43. 



r 
r 
r 
r 



i 

14 

2 
14 

3 

14 

4 
14 



r 
r 
r 
r 



i 

24 

2 

24 

3 

24 
4 

24 



r 
r 
r 
r 

r 
r 
r 
r 



i 

34 
2 

34 

3 

34 
4 

34. 
1 

44 

2 

44 

3 

44 
4 

44 



y li _ y li 



T k = 1 hn ( d Sjm dg ki dgy 

" 2- ( y 8x J dx k ) 



7T - d§jk I dg » d§ij 
ijk du l duJ du k 
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Op^i 3-»Ul! Ajjlaj 



x= /(m) cosv 
y=f(u) sinv 
z=/z(w) 



g 12 = g 21 = 0 A ^ ,JJ ^ 1 C-^ 1 ^ ^ f^ 1 



2 11 12 21 22 

= g du du + g du du + g du du +g du du 

a ll a l2 a 2l a 22 

AjUS tj^Aj AJajl j]l oi& ^ 

Jw 1 = du 
du 2 = dv 



,2 / ,\2 



5 12 5 21 



22 



<f) 2 



g = 



821 822 



2 /0 ,\2 / ,^2^ 



■(/r(W 
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OsjULAft 3-»Ul! Ajjlaj 



x = RcosOcosip 
y = i?cos#sin^ 
z = i? sin 6? 



(j^axj aaA 



ds 2 =R 2 d0 2 +R 2 cos 2 0df 

6 J$l\ 



x = Rsin0cos<p 
y = Rsin0 sin 

z = i?(cos# + ln tan—) 
2 

^ 2 = i? 2 cot 2 6W6> 2 + i? 2 sin 2 0df 



Ij^j) jjc sjUc- jA j II = b du'du J Sjjj-oI! fi^-j jA ?Jaxul] (ffjl^ll ^gjaiLuiVI JSj^II Li u^a 

'7 

^U,,.\l l _ s ic 4-uiLa*all A all JjC ^jJajqJI 



: (j? A Ig-ij^i US ^Ijjall ^Jajoill 4\Axl\ <Lla-aII 

x=f(u) COS V 
< >>=/(i#) sin v 
z=/z(«) 



Op^i 4*Ult ^uual! Ajjlaj 



i H i ii 

f h -hf 

•2 "2~ 



* 12=*21 =° 

b _ f h 
22 / - 2 '2 



b = 



b n hi 

b 2\ b 22 



IgUinW ^LoiVl Jluill <SlaVl (>a*J 



X = i? COS ^ COS ^9 

_y = i?cos#sin^? 
z = i? sin 0 



II = Rd6 2 + Rcos 2 6d(f> 2 



x = i?sin#cos^ 
_y = i? sin # sin 

z = i?(cos# + ln tan—) 
2 



II = -R cot 6>^ 2 + R sin 6> cos 6>^ 2 



68 



Op^i 3-»Ul! Ajjlaj 



K= b = KK-( b n) 2 

22 



171 11 _ 171 12 , pr ps _ pr ps 

6 M 2 a^ 1 11 ^ 2 



K = 



R 2 cos 2 0 1 



i? 4 cos 2 6> 



K = 



-R 2 cos 2 6> 
R 4 cos 2 0 



S S 2 



x = / (w)cosv 
y = f(u)sinv 
z = h(u) 



ds 2 = dx 2 + dy 2 
11 = 0 

K = °- = 0 

1 



-h' 2 f" + fh'h" 



i2\2 



f(f' Z +h' z ) 
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^UaJ^U ij j _-JiuJI ^uill U ^ j ^ (principal curvature) cpc^y\ 
Jj-aU. <iaii]l oIa ^jUJl .^Jajo. 4_kij Ait (normal curvature) (^a^l 

^ ^JajgJI lift (jlj.laljt!La jjll^flj a x-LlgJ (j^L^aLaJl (jLliij-a]l eUaj] t^Jajoi (^jic 4 SaSj ^1 Ajfr 



k 2 >0 
K<0 



plants 
of principal 
curvatures 



normal 
vector 




ran gent 
plane 



http://en.wikipedia.org/wiki/Principal_curvature :° jj-^t <>^a 
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Op^i 3-»Ul! Ajjlaj 



2T.., = 



^ aw f s«> 



p £ = 1 km ( dgjm dg M dgjj 

" 2- r.v' r.v' ( v 



#12 =#21=° 



^111 ~ o ( 



121 2 ( f;/ ' fV a^ 1 j 2 ,,.2 

r =1(^11 + ^12 _^22_) = _ 
221 2 g M 2 ^2 Q u l 

l ( a gi2 , 5g 2i a gn )= 1 d Sn 



2 

1 dg 2 2 

2 a,, 1 



112 2 ( a M i ' du i du 2 



^122 ~ 1 ( 



>22. + . °21 



>11 



2 5m 1 5m 2 g M 2 



) = + 



1*22 

2 a^ 1 



^222 ~ 0 ( 



'22 ! °22 



2 a« 2 a M 2 a M 2 



22x ,1^22 

' } 2 5w 2 



g 



1 1 _ g22 _ 1 



g 22 = gn 



g gll 

1 



g g 22 



g = gnS 2 2-SnS 2 \ ^ 





V 1 


g 2l ~ 








-1 






"gll 


g 2 l" 






y 2 


g 2 \ 




.gl2 


gll_ 





g 12 =g 21 = -^=>* 12 =g 2 i =0Ag^0^g 12 =g 21 =0 
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OsjULAft 3-»Ul! Ajjlaj 



pi _ p/ _ 1 , &sk _ &jk \ 

J k » 2 g K du k du j du s) 



r> = 1 



2g u dx 1 



r =- 
1 ii 



r 1 =■ 



r 2 = 



J_Sgn 

2g 22 dx 2 

2g u dx 2 
1 5g 22 



2g 22 dx 1 
1 5g 22 



r = 

1 22 



2g n 3x 
1 



w . - -to 22 
1 22 



2g 22 3x 

^ = II 4&du l du 2 
n 

A = ^^[gdudu 2 

a. 

g = R 4 cos 2 0 

— 2 

A = Jj" R 2 cos 6d6d(p = R 2 j" Q 2 cos 6d6^ " dq> = 2nR 2 



AaLulo ; JUL* 



t=a , t=b oj 1 ^ u±? ls^ 1 * chj 5 <-b^ 



2 / 1 \^ 1 2 / 2 \^ 

afr =g n lt/M ) +2g l2 du du +g 22 ldu I 
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OsjULAft 3-»Ul! Ajjlaj 



Aja3*^l ^.UajVI A^aJLa tAjlsl j 4_p j-aC ( ?JLa ^1 ^Jajoi (^j-ic La] p-liij^l 4-^aJLa 



*»- 



^ d 2 u k du' du J 



ds 



2 + T l 



ds ds 



A: = 



Jw 1 



Jw 2 



^2 1 



2 2 



Js 2 



+r 



Jw' Jw 7 d u 



ds ds ds 



■+T: 



du' du 1 
ds ds 
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OsjULAft JLUlt ^uual! Ajjlaj 



Ja^ 

eUauj idiliJ I i iaall ^ jl) ^Jajoi (^jic (j^j-a '^>^ J.) j ."^ ■ aill ^ jl ^Jajoi (Jc- 

. jii^a jIjoiJ (VLjaill ^ jl) ^Jajoill lift ^^Ic ^ ia-Lall li^J <^tp J^?^ 



J 2 W^ + _q 

ds 2 ij ds ds 



Jl sift (j i i aJ (j^iail J^*-^* S 

8ij ~di~di = 



UA aUjiki ^3 j Culii j\SLa j& (_5j\jou]I lift ^ (j-aJ^H L_fijail 

tilli j A ajSj i u a Ja jja^. 4_aAnall ^ ^gjaU-S jJ^JI J fl J ■ SJ all dlUla Lall 

4 Ja^s AjjLoba 4 ■>■«■ all ^ (JSjJjoiJjS ^aJ^lc <J£ 



ds 2 



. Jlj-S sj£Jl <Jc- (^jjoij-i J^?Jl ji "J ' 8J all lllLna Lall 



74 



OsjULAft JLUlt ^uual! Ajjlaj 



J l ^j£J^ cs^-H cs^ U^JjW^ ^^Sl^j (x + dx,y + dy,z + dz) j (x,j,z) ^] 

OP* u£ 'LPa* yr^-H yr* oA^ 1 siA (w+<iw,v + <iv,w+<iw) j (w,v,w) 

z = z(w,v,w) j y = y{u,v,w) jx = x(u,v,w) 

«x = — aw + — a v + ^— a w 
<3« ov ow 

dy = ^-du + ^-dv+^-dw 
ou ov ow 

dz = ^-du+^-dv + ^-dw 
ou ov ow 

yjiLlilt <jjjU jjj <Lalilt els 2 l^j 
dls 2 = dx 2 + dy 2 +dz 2 

; t5 Jc Jj^xaJ 4_kjl jit t ^ J z j j ^/x UxjJaj lit 

ds 2 = v4<iw 2 + 5Jv 2 + CV/w 2 + IFdvdw + IGdwdu + IHdudv 

\"ajy^\ b\l <Lkjlj3l sAA . (u,V, w) U-^J^ - * <3 J J ^J^ - J C jB J A (J*^*^l 

J,? 2 =g ij dx'dx j 
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OsjULAft JLUlt ^uual! Ajjlaj 



;<Jajlj]l (jjsji.j^l (jjAA CllLlil^.j JafijJ t»L aill life (j-a 

— .A- l^v ^^v j • • • j I 



dxJ 

:csl(contra variant)j^*^ <^la ^ aJojI jll a^a IgJc (jju^sj AAi&l A^la ^1 sjj*j 



<^JLa]i LjSjC lili t»L Zaflll fl.li.lj <Uakj ^ l^ijjxj (j£-aj J.)*'^ 4i]Li-a <J£ 

,»L jaall ^ o^A ^gi jjiijii 

^jj ^Ljaa l^iljUx j (invariant) j^i* V ^a <^?.l^l j^j ^ -J** 2 ^ ^ 

^ = ^4 

, jjila^f <j£i. (jj) t»L gaill jjx <Uaij ^ lgij^)XJ <j£-aj liUjl] J^-* CSW A -W^J^ *^ 

jjisLii] Aial j-a A^JLa 5- li) .(covariant) j^*^ ^1 cs^>^ ^o''^ 
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OsjULAft JLUlt ^uual! Ajjlaj 



ji L? lc.i (index) JA^ J ^ ' • ^ J^*-^ 4iL^a]l j <ial j-JI cjl^al«]| Jajl jj ajUS ^ 

Cjljj|.la.j dboilS ( _^A lAJjiAJ ^ t Jj*^ <iLi-a 'Ifrala jc ajUc ^/x* (j^ J^^J Sj^JI (Jiuii 
<ULi. ^ 4 jjjLil] (jUall a a Cfi'i ^ ' A 5' J A^ li) ' JJ'"V'^ dll^aJLall Ajjjlaj ^a*j jVI 

or ox' 

<Jajlj3l 4 JaU-a ]\[ 2 <1U. ^ 4 juulj 4lal j-a 4^-aia j jjijl] <ilU-a <frala |j>l 

;<JSjoJ1 I^j 4j]j)l*-a j Lalla ^ jjjoiiii (_^A 



J dx k dxJ 1 



"i i a J ji aJojjjoi 4 jjaj]! 4i]Li-a j <ial j^a Ajj^aLi. ji <fij Salla * JJ' "V* jA 4 y^' jj mijJ Si 



OX' OX 5 OX' 

jk ~dx r dxJdx k st 



A i =^A j =A i 

, jjiiili] 4.411a all j Aial j-ail A^aJLall Qii i_£tia.VI ^a^C ;~"'''"''"'' (JllaJl lifc j-a 
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OsjULAft JLUlt ^uual! Ajjlaj 



-f 1 .Uatl lift Ajjla AJajljll 

?/ 



V 



*0 



A.=g..A j 
i & ij 

8^A J =gyg jk A k =^ k A k =A i 



g n g y gy=g n S^g rS 



A 2 =g..A l A j 
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OsjULAft JLUlt ^uual! Ajjlaj 



t5 jlj^ll JUHVI 



l Q x i K 



dA _ dx k dx l d\ | d 2 x k A 
dx j dx' dx j dx l dx'dx j k 

g x y ' - ' - Q x j 

SjUc = dx y 4-M jll '"'V -V jj-uilii ( 4 ^. JLuill SjU*JI oaa i . i&j lilliS ) 



£/4 ~3Aj <3-aJLa3l 1 4-^ j Villi 1 >>it : jjjj^aJLall sift 1 L^aaj tit t?.Ljai]l ^ e^l j 

</4 <>\4, =A.dx j 

4_kjljll sift ^ JjjjVI L_fijla]l j tA^aJLa ^x 7 U' ^ ^4- • ^-kjljllj 4 ' 

z >7 

;<JLaJl sift ^fl ^l-ia-VI ^ Y Jja-all <j.uu11j 



J 4 "a? 
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Alt ^laJI J!>U 



OsjULAft 3-»Ul! Ajjlaj 



' dx l dx k 3 



' dx'dx k dy l 1 



/ _ ay ay 



n, = 



/A dx l dx k dy 
— j ^* 



_ jjxjII Aial <_£ jl 3^ (JlfllSj 4_Llx-a sift 



JJ«jll 4ilLa-a <$-aJLa t(J jl Jlajjl 4_Lljt-a 



SB k =-F k i B i dx j 
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OsjULAft JLUlt ^uual! Ajjlaj 



<_£ jl (J£joiJ (JSjjj j i^Ailaj JJC- ji c^-lJsj s-UiaS J C (3*^*^1 Jc- AjtSI j A^aialt yl yiajij 
oi& lil tya Lall J _oi. l^j^^p. yds. 4 g aJLall oi& ClAjjl.la.1 i^ji^lall lift J j^. <Lal£ SjjJ 

<Lal£ Sjj«l3 Cllljjij]! oi& <imLa*a Hk«aJ y»J ,^>i*^a (_g jLoij V (^A yili A/4' ig& diljgijll 

_p ^Jaiill a C J^*- 1 -* 3 y^-i* a Jfr y4' ^ g aJLall 

u ^ 

x* + <f :<J» 

JI U 2Ja4ill ya A^aiall Jliijl lie 

jjxjj A^aJLall oi& ClLlil^.1 (jli V 2Jaij]l 
;5Jaj| j]| si^J fajU 

= -r. k A J d4 k 1 




j^a. <L15 <^u3 yl flxl\ .U 4-LajII J P.^ J y4 7 L> c£ Lp" <■ . '~>J 

■■ '~' jk ' 

dV 



P., + 



II 



;y£ SjUc U 2-laajll JI P y-a ^4/ <^lall <_£ jl j-all JULutfl 



A J -r J H A r ? in 



Op^i 4*Ult ^uual! Ajjlaj 



P T J H j A r j A j c> JS jll a 1a 

:c5 k Jx^j I *Jajl jll HI j II t> 



&4 f = - 



ar 



ar 



;<— lUaloij C ^Wirtll J ja. J*l£j]| .jjLo. jail Jib J jVl SjUxJI r j j ^ 



c c 



a kl =-j>(4 l d4 k -4 l dt k ) 
2 c 



ar 



Mi= ^jt-^ AJa 



;i_ajj3u]l b$j 



; t5 lc (Jj^aaJ 



j IgjLlij (jC ^Jaill AjjJaS t jjjaijjj dii iul (j^"i jSil (Jib ojba.ll 

'tip) 1 J k (J^-^ (Jl^jluil <Lljl£-a] j <llubal| (j^a j - aa J I 

ar' 



82 ±c s laJI J^U OjUL&V ^l*^ Ajjlaj 



, sr., ri ; . 



lP) 1 j k Jj^-^ (skew- symmetric) j^>^1 ajsIUj u^jiil » jUJt e^aa^ i jVI 



ar 7 dr., 

(r 1 r r r* r r + ] — j —\a j 

K rk » rl J k dx k dx l ' 



an., an., 

D jkl ~ 1 rk l jl 1 rl L jk + Q x k Q x l 



R jk = B )ki 
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Op^i 3-»Ul! Ajjlaj 



;<LalxSl 4 jj< ii '\\\ OiSijLA pJt>\ (jtaxj 

; JLill llgj Ajjlal 4-alaJI A-LLuuIl Cj^hU-a ^a! 



J,? 2 = g ;i dx'dx j j g lj = — 



d x dx^ dx dx dx^ _ i mi 

~d?~ J' k ds ds = 8ij ~di~di = 1 ' 



=pff .-p", +p"r 5 , -r^.r 5 . 

z//c z/c,y ij,k sj ik sk ij 



= it ?z_ + r^r 5 -p"r* 

V k fx' 8x k SJ ik sk " 



R v =R m 

R = g U R 

5 U 



(jjlioijl Jjjoiiii 



G = R ii --g R 

ij " 2 I) 

G ij =R ij --g ij R 

;<_iLuia. <j£-aj IgJ^i. j t^— oLatJ\ Ajfuull Aj^Jil] ^ <Jaa.ll (JfLlgJt 4jl!LaJ ( _^A till jjjaiiiill oi& 
.(jjLa-lj^S j (JllLall (Jjfui t^-^ - ) (jj^ C5 J ^ a ^J *^ 
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OsjULAft JLUlt ^uual! Ajjlaj 



<LalxSl MjjhmM JjLula diaail j J^lj-a 

jl ^g^laall ji ^l-l^^lS I— Ami-La aUaj j t»L Zaflll AjjiLa j^*-^ 

^jJajj cllliS j iClAjjoiLa-a]l <J ml lilli j s j Sal li " 4jjla]l sift jj£j (ji (JjJafiVl .(_£ jjJjl£Jl 



(Jj3 (j-ajL^aiJl oi& (J^ajS j£-aj tAjS illa-lll Aj^jj (_glll»l i iaill AjjIj jjill j AjjoiAigJl (j-ajl 
Cll^-ilsi-a]! (Ja. Axj LgJajljj ^1 j I g a-ial (Ja^s jjj CllljjiiLa (Jllli (J-alsoa (_>a^>3 Jl ti^-ll IAj 



j x CllljjjLLall (j^*J ' ; la-j Aj dlUjlAabVI lil j f jLaJjll Aju jJ*j .ilsuVI Ajc-Ljj 

;ojjju*a]l .ibuVI AjcLjj 4jjj£J! ClAjjI-ia/iM 1_^£a J t J Z J y 

x 1 = r 

x 2 = e 

X 3 =(f> 

x 4 =t 



j AjjiaS Ajjlajl jj£j ji JjJaS^I t ^fc 2 = g^dx'dx^ ^JJ^ <_W*-^ <jJ*J 

J IJ 



0 



0 
0 



o g 22 
o o g 33 



0 
0 
0 



0 



0 



0 



g 44 
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OsjULAft JLUlt ^uual! Ajjlaj 



g.1 i aall lift ^ ' " ll j i al SJ all jtLuLA Ci^jIxa]! <sA& <J!laj .AjjIaII aAgJ (^uijA J^?-^ (JLiVaIjua 

jJjolo ^g-uyA J^?^ J^Jl ^ALaill (_K»J .4_l&LlLa JJC. ji AjAUI* dlLna-La p\ jjoi 



jjjaiili ,j-a (JSjjoII lift (JjJaSVI ClAjjlall (^3 ' i??., (j^J JJ"'V' ^ 1 a 



jjjaijjj]l I Ag_l '"'')J Jj'"'' <luLi-a (j^-aj (j^O jj' (jx t . ^ ujJ 1 j jjjaiiil 

^j^7> (_5j\joij >( jjlliuiji (Jia. O^f-Sla-a (Jj-aJ j <Lal«JI Ajjjoii]! ^)J^j ^ Aj-sAI 

L_Sjxj j (jJ«J .AjSlfllujVI Cj^jIjla]! <C ja^d (_5^- J' J°' all £-a jjjaiiiill lift <J-al*-a 

.Ailiaijjjl jjoi AjJJ-a £-a (jLiJi jA La£ i<U j* a a CllljjiiLa ojjj>^aJ 

j\ qu j£i 4-Laluill aAA (j-a l^jlc J' aaJ ^^ill 4 ajall ji aJojI j]l <J!Laj 4 R ^jujjjj A-lalm AAuila^a 
4jjoiLi-a (j^-aJ 4-l.alm]! aAA (J^Lk iil]AS _ jii^a ji L_Li. jx t < -ill i a f.1 jjoi t»L iaall eUajj 

.(jjlioiji Jjjoliii 



iO^Lail Aj3 Aa.1 jJJ (_£All ?.ljJai]l ^ jjjaiiiill lAA 4_LaAl (j-a£j t (J.. (jjliaui jjjaiili <iuila^a 

_ j£lj — UJ^^WJJ ^J^ 4 ^j^l f l , Ua\K 
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OsjULAft JLUlt ^uual! Ajjlaj 



lj^jjUJI ^k- Aljjki oIaj Aj^uil -MjjJ i^Lj £A>*j 

ill <^utp j;}aJl jLols <U.iljcd ' ■ 



2 2 2 2 2 

afr = A(x, y,z,t)dx + B(x,y,z,t)dy +C(x,y,z,t)dz + D(x,y,z,t)dt 



1 

a(x,y,z,t) = 



J3(x,y,z,t) = 
y(x,y,z,t) = 
S(x,y,z,t) = 



2A(x,y,z,t) 
1 

2B(x,y,z,t) 
1 

2C(x,y,z,t) 
1 

2D(x,j,z,0 



ds 2 = ^dx 2 + O/z 2 + ZM 2 

1 

a = — 
2,4 

IB 
1 

2D 



va av 2 ° ^&rv,a ora,v £>va,T> 
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OsjULAft JLUlt ^uual! Ajjlaj 



a4 



_ d 2 B 
12 ftc^x 2 



.((j-Vl C5 -«-^ CiuJ Ua jIj&VI) 5x 2 = By j ftc 1 = dx uj& U 1 -W j J 1 s ^ yr* 
jl MATCAD J MATLAB JS* -W-h? g-^ji i> j ^ fcLuJtfl .^VUJI 

4 SamXa ojjA^a Ujj£ -(- JaIjla]I <si& ( ■ )\ ma (j^-aJ i^-al^Jl A^Lj 4ji-a^)J (J^Lk Jl MAPLE 

.g 12 =g 21 =0 i^-^Ji^ OA** ^ (j) tjJoijj V VLaJ 

r^ 3 = -/?c 2 j rj, = £D 4 j r;^ = jr 23 = o 
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a • 


L A 

ax 


-(3 


1a 

dy 


-Y 


• La 

dz 


-5 


•—A 
dt 


a • 


•La 

dy 


P 


L B 

dx 




0 




0 


a • 


La 

An 

az 




0 


Y ' 


*-C 
ax 




0 


a 


1a 

at 




0 




0 


5 • 


L D 

dx 


a • 


A -A 
dy 


P 


Lb 

ax 




0 




0 


-a 


L B 

ax 


P- 


L B 

AlT 

dy 


-Y 


• Lb 

An 

az 


-5 


• 1b 

At 

at 




0 


P 


L B 

dz 


Y ' 


L c 

dy 




0 




0 


P 


• Lb 

At 

at 




0 


5 • 


L D 

Al7 

dy 


a • 


La 

dz 




0 


Y ' 


L c 

dx 




0 




0 


P 


Lb 

dz 


Y ' 


dy 




0 


-a 


Lc 

dx 


-P 


.L c 

dy 


Y • 


L c 

dz 


-5 


■ lc 

dt 




0 




0 


Y 


At 

at 


5 • 


L D 

az 


a 


1a 

dt 




0 




0 


5 • 


L D 

dx 




0 


P 


■ d -B 
dt 




0 


5 • 


^D 

dy 




0 




0 


Y 


d -C 
dt 


5 • 


^Ld 

dz 


-a 


dx 


-P 


■ d -D 
dy 


-Y 


A D 

dz 


5 


d -D 
dt 



r 1 
1 1 


r 2 
i i 


r 3 
1 1 


r 4 
i i 


r 1 

1 0 
1 z 


r 2 

1 z 


r 3 

1 z 


r 4 
1 i 

1 z 


r 1 

1 T. 


r 2 


r 3 


r 4 
1 ^ 


r 1 

1 4 

1 H 


r 2 


r 3 

1 4 


r 4 

1 4 


r 1 

9 i 

Z 1 


r 2 

9 1 

Z 1 


r 3 

9 1 

Z 1 


r 4 

9 1 

Z 1 


r 1 

z z 


r 2 

9 9 
z z 


r 3 

9 9 
z z 


r 4 

9 9 
z z 


r 1 

9 ^ 
Z J 


r 2 

9 ^ 

Z J 


r 3 

9 ^ 

Z J 


r 4 

9 ^ 

Z J 


r 1 

9 4 

Z H 


r 2 

9 4 

Z T- 


r 3 

9 4 

Z T- 


r 4 

9 4 

Z T- 


r 1 

31 


r 2 

31 


r 3 

31 


r 4 

31 


r 1 

3 2 


r 2 

3 2 


r 3 

3 2 


r 4 

3 2 


r 1 

33 


r 2 

3 3 


r 3 

33 


r 4 

3 3 


r 1 

34 


r 2 

3 4 


r 3 

34 


r 4 

3 4 


r 1 

41 


r 2 

41 


r 3 

41 


r 4 

41 


r 1 

4 2 


r 2 

4 2 


r 3 

42 


r 4 

4 2 


r 1 

43 


r 2 

43 


r 3 

43 


r 4 

43 


r 1 

4 4 


r 2 

4 4 


r 3 

44 


r 4 

4 4 
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££\1$& Ia\*1\ 4^ual! Ajjlaj 



7? = tf A 

ij ijk 



R = giJR 



fd 2 ^ 








+ 5 • 


^d 2 1 


u B 


+ Y- 






U D 


Ux 2 J 


V 


dx 2 y 




Ux 2 ) 





P' 




2 








2 






~]2 




Mi 


+ 


Y " 






+ 










Ux )_ 




Ux y 








Ux y 





fd 2 1 fd 2 1 fd 2 ' 

W ll:=p. _^_A + y —A +5(x,y,z,t)- —A 

Uy 2 J Uz 2 ) Ut 2 y 

r J2 ^ ( ,2 \ ( ,2 \ 

wl2 := (3 
wl3 

wl4 := a • 
wl5 := (3 • 
wl 6 := y • 
wl7 := 5 • 

Rll := wll + wl2 - wl3 - wl4 - wl5 - wl6 - wl7 



'•Lii U JJ ' "*' H cW^*-* 







P- 






(a > 


+ 5 • 












+ y- 




Id 




Ux y 




Ux y 


Ux y 




Ux y 











fd -A 


+ P- 


(a > 




f lc 








1a 




a • 




U_B 


-y. 




-5 • 


U_D 




Uy j 






Uy y 


Uy y 


Uy y 




Uy y 































a • 








+ Y- 


fie' 


-5 • 


U_D 




Uz J 






\&L J 


Uz y 


Uz y 




Uz y 









\ fO 


-p- 






(a > 


+ 5 • 






1a 




a • —A 




-y. 








Ut j 




. Ut j 


Ut ; 


Ut ; 




Ut y 
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R12:=y- 



_dxvdy , 



+ 5- 



_dx\dy , 



-a • y 



Uy y Ux 



1c 



a • 5 



-y.y. 



1a 



Idx 

Id 



Vdy y 



_ldy J Idx y_ 



-p.y. 



-8-8 



Vdx 



Id 

vdx 
fd 

Uy 



J 



(a \ 

Vdy J 
-P-8- 



1b 



Id 



.Vdx J vdy y_ 



j»lc ^jjliaiji 4_a.^)la j <jJa^)3 La lift < a ^jLolI (J-ala-a a^-uinJl <si& (_^a (JS (jj^j (ji AJaJjjoi <-alaJl 
(j^aJjJa^ ^a^Sj j ^Jj-i j2l J P j 1 all eLiajj 4 a^ja i a j Ai^Lk^a ^jIjj (jjjlill lAA ^ SaC) .1915 



'Sjk ~ 1 d j' 1 ij,k ^ 1 s/ A »Vt 1 s/t A »y 



R =R =-R =-R 

fxvpa pa/uv v/xpa /.ivap 



R +R +R = 0 

juvpa jupov /javp 



R \234 ~ 0 



R1213 := 



R1212 := - —A 

Uy 2 



dyVdz y 1 



dx 2 



B + a 



dx 



a 



(a \ 

Uy y 



d A • d -B U <L A 



dx 



dy 



(a ^ 




















Vdz y 


vdy y 




Vdz ) 



—A ] • f — B I + f — B 
dy ) Uy ) vdx 



+ y 









1a 


lc 






Uy y 
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; ( _ 5 -uiljj jjjoiiiil Aj.a1i.ii1 I 4 ajSIl (J^la. p. I i iaall jl (jj j£j 

R = g iJ R 



wl:- 



w2= 



A 



w3:= 



dy 2 



+ 



-B 



B 



+ 



dx 2 

vdy 2 ; 





(a > 


2 




2 


(a \ 






^ V 






^ V 






(a \ 


6 > 


a- 




-P- 




-a- 


*A 


^B 


-P- 






+y 


*A 


*B 


+5- 


^A 


^B 




vdy y 


vdy y 




vdxy 1 


Vdxy 


vdy y 




vdzy 1 


Vdzy 




vdty 1 


Vdt J 





(a > 


2 




2 


^ V 


(a > 




^ V 






^ V 






^ V 


(a \ 


a- 


*A 


-y. 




-a- 


*A 


■*C 


+P- 






-y. 


*A 




+5- 


^A 






vdzy 


vdxy 




vdxy 1 


Idxy 


vdy y 


wy 


vdz j 


Vdzy 




vdt; 


vdty 1 





2 




2 










(a > 












(a \ 






-y. 




+a- 


^B 




-P- 


^B 




-y. 








-5- 


^B 


c 


vdzy 


vdy y 






Vdxy 


vdy J 


vdy y 


vdz y 




vdzy 




vdty 1 


U J 





Vdfy 




Id 

Vdx 2 ; 






2 




2 


^ V 


(a > 




^ V 


6 A 




^ V 


(a > 








w4:= 


+ 


-a- 


^A 
vdty 


-5- 


Id 

vdxy 


-a- 


*A 

vdx J 


Id 

Vdxy 


+P- 


vdy j 


Vdy y 


+y 


^A 
Vdzj 


^D 

Vdz y 


-5- 


1a 

vdt; 


^D 

Vdty 1 



w5:= 



Ut 2 ~ 



B 



+ 



Ay 2 ' 



D 



w6= 



Vdfy 



C 



dz 2 



(a > 


2 




2 




(a > 












(a > 






6 > 


^B 


-8- 


Id 


+a- 


^B 


^D 


-P- 






+y 


^B 


Id 


-5- 


^B 


^D 


vdty 




vdy y 




vdxj 


Vdxy 


vdy y 


vdy y 


vdz J 


Vdz y 




vdty 1 


Vdt ) 



D 



vaz- y 



(a > 


2 




2 




(a > 


+P- 




6 > 




^ V 


(a > 




^ V 






-5- 


Id 


+a- 




^D 




• i D 


-y. 




^D 


-5- 




^D 


vdty 




vdz y 




Vdxy 1 


Vdxy 


vdy y 


vdy y 


vdz ) 


vdz y 




vdty 1 


Vdt J 



Ricci Scalar 

R 4 • (a • p • wl) + 4 • (a • y • w2) + 4 • (p • y • w3) + 4 • (a • 5 • w4) + 4 • (p • 5 • w5) + 4 • (y • 5 • w6) 
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jjjoiili]! lift (J-ala-a 



Vdz y 

Idf J 



% 

Vdy y 
vdy y 
vdz ; 



i B 



+y 



+y 



+5- 



* C - 

id - 



a- 



-a- 



a 



-B 



6, V 



+5- 



*D - 



■a- 



C 



a 



-C 



-D 



6. ^ 



6i > 



ic 
*4yy. 



id 



+y 



-y. 



i B 

IdzJ 



6. > 



ic 



id 



-5- 



+5- 



a 



v z yj Lvt 



*b 
kit; 

-B 



C 

kit y| 

(a ^ 



^xy ^xy 



c 



-D 



wy wl 



+y 



ic 
idzy 



id 

^zy_ 



+5- 



a 



d C 
WtJ 



D 



Gil := 





■gl + 




•g2 + 


f Y ' 5 l 




V oc y 




V oc y 







g3 



(_5jLalJ Jajlj^jll ^UlLall ^aJ jjx < J J i ttljSlI lift (J-alx-a (JS (JJJXJ ' ; '^J (jjlialjl ^JjalLi-a] 
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The Cosmological Principle UajJ$*>uij£11 l-V* 

Aj^oull i i^xall IjiA A^i jL J (j£-aj j A-aUl A-iu..u]l AjjJij ^ AjaAI i.lLa]l li$J 

V) ^La ^jAlia (_>aaj £-a ^» Lall dua (jx IAiaII lift liljJjoiJ ,4 i aJl ^ ^La lAlx Aj-aAl£ 

uS ^ j iA3lk]l Jalia. (jiu] t AjIc dll Saiaall j/'^ ^ ■ aJ AjjJat jliaSM AjlLa. 

a£ j2 Jc. a^I jL-ajVl 

AjAllLa Ac j"^ A (j 4 - - ^jW^ (J^ 3 ^)^ (j^ J* AjIc ^LlLoiVl (j^-oJ j-ajll 

_a<aill 11a ^j-a ^liluij (ji (j^-aj i^^^Sfl (jC- Axjjj j AjjLaila AjjoiIj j <jj^l ^ ojjailLa Clll^^a]! 
f-LjaS ^ ^^ALlLa ^]lc oj^S £A ^ j ^a^ill lAA ^LlL .aK (jj^ AjjLaLLa AjjoU Clllj '"'^J?- all ^.i^T* (jW 
£-j> ^ AlLkxJl ^l>a] JUJI jA LaS aj.uulrt SJUaC £aJ>a] J ^ £ j lift ^ .^Ula V 

(Jj^f^ll ^.1 U3 _oa. ja. Ajj (j^al j±S\ a^j j (jjjlaJill .AjjLp ^ La ^1 Aj3 ojjailLa]! ^gjj jjjll 

<( jj£Jl ^ ^Jlla]l jl£-a]l LjL elc&l tjT.^ill (j£3 \±±A\ lAA (^it 

(jiiJ tjj^JI <J.ujL>j (^Ij^l^) C5 Ic j ajj 1948 f^- t "'» J (J^Vl I^A qa Aial£ ^ a lilLiA 
lilLiA (J-uJ .(_5jLoLLa (jl-aj (J^ (jj^' jAlJa Jajoi jia yl ^^t.aj iLlLaj Lajj j ' ■ luai LpLjaS 

t-\ i jaill lift bta] AjSI£ o^La ^a. jJ (ji ' ; laJ ^jUll »1 ■ aill bta] (jj^ll ^'J^) La-^jc '(jj^B AjLgj j AjIAj 
(jjia.jjAlA oji ^j^a. Lajj j (jjULaJ (JJj] AsUall Jalia. (jjjli ojLlxJl sAA 

AjuojIj 'i>j$ju> Aj^)]^! siA Clllj _Ajjoi]l ^ f-Ljaall t_lx£-ajla jL£ 60 <J^ fi^a.lj 

AjfuUJ _aic cAjLoba ^>a.l (jijS ^1 ji ALal£Jl 4*9 us\ ji Lia. j] j-a jjoi 
JJS UjjL AAluilII L-Sj^jxj (j^-aj .AjjjoU AjjJaj ijU<a]l s-i^ (^jic oAAix-a Ajj j£ Aijjt-a <JS yL <J jill 

(JllLail cJjf^ cs^ - .^0^^ J^*^ ^ Cj^\j_aaj]l (j<a Ac j"^ A ^-a AjjIj jj3 Aj^)Jaj 
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^A (^_J^VI f J^*^ J 'A^lj ^gJl .1^.1 j d£la_aaj <£. * ^Aiuij ,-A <Lal«Jl 4_iiuu]| t jljjj] 

(jl <JaJjjoi (3lla<a ^Allsj «.ljJa3 ^3 (Jg i i aJ Aj^Jaill ^^Ja. ,f.li. ^-^J UJ^ ^ a ' " llj lal 4 gj 

1 g i nil ct—lSlj-a <jj^ «il*-ajVI <C a t lift ^gi ^jijl aJlIj ( — uiLui V 1 l_SjjjLuI 

J (UJ^* J UJ^* L>= C5^" LP^ ^ f J" 3 <J^ J^* .J^ J* W^jd ^ 

^ j$±a Jl lift US_«jbiii .Ajal£la lAA*^aj qaj ^ LSJ^ ^J?-* J U^^H 1 U-? fjfi ^j-ajVl a^A 

lA4> J djljjju c*JUa Clil£ j] t<K (jj^B Aiikx OlliaJ J ji, ^A^JiW lift ^jUj .lai 
<J£ Aj3 (_5jLoiJJ <cLoi] W - * ' . laJiij <J-aC <J-a*J U'a'i ,J£a aJLall 

.ej^a JJ£ ^ jA J t>jil liA t X J^* i^*> -il^ajSfl o^A ^Uj <LaJl ^ oL-ajSn 

<( _gj i>0^ L-luta tl^K dlcLoi]! -jkvi CijIj jjlc ^ 
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<LalxSl n '\\\ Ajjiaj ^ AjjIa^I ^Al&>a fAl 

^jC ojljC ^JjoiaJI Ia& i<JJ j i iall Ajul^\ <luiLawa _jA 4_i^La (jLajtiLoil Jjl ^aAl A^l 

(jjlioiji <Jia. d^fjlx-a ^aSH j t^gjoiJJj j (jl-aJJ jjjoiiii <_£}Li. ' " d : i J a all eAA ^xii .AlijiLi. (Jia. 
jjl ^aAl (J^it-j (Jj^aill Ia& ^ t* .'LijibJl <Jia. ^ o-iLdl Aa.1 jj <ULi. ^ ^»l ^laJl ^ «.! jjoi 

.<Lalx]| 4_iiuu]| Aj^V^j ^ Clli.^jia CAjjIa]! 

(jl-a j s-LkJaS ^ AjjIa] <L«l«Jl 5 j j i all 

ate 2 = Adt 2 + Bdx x dt H — iidxj 2 H — Hdx 2 dx^ H — 

aigJ 4 i^alaJI <ULaJl ^jSLoi <Jia. ^ ,1a JJC- j X2 J Xj J t C>* £^ (^-* ^* J^ - jB J A <J<ab-<^l 

:gr A AjjIJI 

dx x =dx 2 =dx, = 0 ^ 3 j 2 j 1 =i j da 2 =dx 2 ^ da 2 ^ ^ 

<is 2 = Adt 2 

2<p 

:yj| ^ = c 2 e c2 j J** ^ c^a ^ jl£ lil 



ds 2 =c 2 e c2 dt 2 -d<j 2 
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2^9 



2 

c 



2<p 



<0.5xl(T 5 u-*^"^ <-Ja»J sAA e cl - l + ^j- ^j^t I^A UIaxIo.1 lit 



c 2 



4 i a (J jjl£^a^]| yl ^It-aj lift j .AaJj ^jLoiJ tjjj£i Q 2 dt 2 4Jjt>^VI <J-ala-a g J i aJ li& (j-a 



ds 2 = C 2 ^ 2 - dx\ - dx\ - dx] 



f.\jJa3 j (^ySjaiS j£ia p.ljJa3 jjjj JaJJj^l ^lUaiuj uj j3 jl jjoi ^JJJ-a J ]A j^la ^JJJ-« (J^a (j-a 

x = Xcoshr y = Y z-Z t = XsmhT 

X 2 -t 2 =X 2 - = tanhT icA 1 

x 

cosh 2 T - cosh 2 T = 1 

^4 = F(x, y)^> dA = — dx + — dy 

8x dy 

dx = cosh TdX + X sinh Tdt => dx 2 = dX 2 cosh 2 T + 2X cosh T sinh TdXdT + X 2 sinh 2 TdT 2 
dt = sinh + X cosh 7tff => dt 2 = dX 2 sinh 2 7 + 2X cosh 7 sinh TdXdT + X 2 cosh 2 Wf 2 

dt 2 -dx 2 =X 2 dT 2 -dX 2 
ds 2 = dt 2 - dx 2 - dy 2 - dz 2 => ^ 2 = X Vr 2 - dX 2 - J7 2 - dZ 2 

ds 2 =X 2 dT 2 -dX 2 -dY 2 -dZ 2 
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ds 2 = 



1- 



2m 



+ r 2 [dO 2 + sin 2 Odf ) - c 2 (1 - 2 



m = — (j^ 3 >j jT jR oi$j t j r (JiiLaj c = q = \ 

4 



j 5 2 = (i _ 1) jr 2 - (1 - Ji? 2 - i? 2 f </6> 2 + sin 2 Odf ) 

2R 2R \ J 



" ' 2 

s aa 2i?-l = x 2 -^ 2 =X 2 li) 



27? - 1 = X 2 => 2di? = 2XJX => JX 2 = ^-dR 2 

X 2 

^ 2 = XW7 2 - dX 2 - ^/7 2 - dZ 2 => Js 2 = (27? - 1) J7 2 - (27? - 1)" 1 dR 2 - dY 2 - dZ 2 

R>— UJ^ 4-^ ^JJ^I 
2 



e-j : 




j_U (J-^joi f.ljJaa] ^ j jaj <J£joi]1 lift O-tzjfi ifi^i 

.Kruskal 
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2 Re 



2R 



(dt 2 -dx 2 )- R 2 [dO 2 + sin 2 0df ) 



;^Jajt jit oift Aj3 JjAx^aJj ^ 2 — t 2 (j- 4 R Ajjiall ^fl 

[e 2 *](2i?-l) = x 2 -^ 2 

t tit j 4jJa^lc- = 0 3Jalil! ^fl 4jjlaJl '(jiiijl bU. O^f Jjt-a ^fl 4jJ^' 

, JI£joijj£ 



f\ 2R 

e 2R (2R -\) = x 2 -t 2 ^ dX 2 = ^— dR 2 

2R-\ 

dt 2 -dx 2 =X 2 dT 2 +dX 2 



ds 2 = {^-^)dT 2 - C^- 1 r 1 dR 2 - R 2 ( dO 2 + Sin 2 Odf 
2R 2R 



:lP] 



Ajjlall sift ^ Cll-laJl Jjai (ji A 1 a al » II <Jaiilt ^Ljaijjjl jjoi AjjIaII 

(jjlloiji bli. 1Jl1V.il*-* (-3 4_ijla]l ejlA (jAx^aj R= — 4_lalill 

" " '2 
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<sA4i ^ JiaJl IIa ^ SjLa c*lliA j ^jli jjc. JiaJl jl£ lit 0 ^ ^ll^ul bU. Cj^hU-a 

LI v <— > //v * " w * LI v 

ds 2 = e A dt 2 - e B dr 2 - r 2 [dO 1 + sin 2 Odf ) 
i?„=-^"--^' + -^ 2 - — 



i? 22 = e 



\ + \r{A'-B') 



-1 



i? 33 = R 22 sin # 



^44 = ~e A 



R MV =0 



11 1 A 

-A"--A'B' + -A' 2 - — 
v 2 4 4 r 

// = V lij 



^ = -5 
^' = -5' 

e A {\ + rA') = \-hr 2 



a = e 



a + ra' = (m) =1-Ar 2 



1 2m 1 A 2 
a = 1 Ar 

r 3 



J' aaj ^aJ t<J-al£j]l dulj HI ^Jajljll *>AA <_gi jUV = ^8 dlV-ibt* ^ji Jj-lk^aJ L_ll _^aJl lAA 



aAA (Jc 
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</s 2 = 



' 2m 1 . 2 V 2 
1 Ar 2 Jr- 



r 3 



1 2W 1 A 2^ 

1 Ar 

r 3 



Jr 2 - r 2 (</6> 2 + sin 2 0df} 



/• 6 

;<J£joi]| t^j f-LJaill lift 'Sjj^ 4 ^;>^i'i m — > 0 cS^ j^all j^j ni t^*^ AJLa. ^ 



<fc 2 = 



f 1 > 




f 1 A 
1 — Ar 2 




dt 2 - 


dr 2 -r 2 [ 


I 3 ) 




v 3 j 





f.Ljai]l j i 1917 ^ \ 1 * ' u^l (de sitter) cs^ *Sjj^ Ajjiali Ljjti 

V A 



jiua f I ■ <JLaJl sift ^ £jU f.L^a3 ^^Ic <-a£LaJl ^ juy=^g MV ^-^Ist-aJI CjjlS Ijj 



.1932 ^ <^.jJa LS^ Mild! ^J-"" (>* ^jUII 4jjLa]| ^_4i I ^/uh Ajjlail 

jli f.Lja3 ^ (LlLaj j LpLjaS ^jjijl aJLa jj£]l) Lia. j] j-a jjoi j£Jl i-lj-a (j-^- j-ajll li& AlLoiJ 
J (jjj^ 4-aJ-^C- dlljil AjAllLa V Ac- j-a^-ai AjjiLaJl jC jJaill j^paC- £-a ^Iju^fl jSla 

^ j^c- '^j^ *j *'"'*' ciiljill o^ 3 ^ j' ac-jjoi (j-a (Jsl Ac-jjou S(x,y,z,t) 

i _ 5 ic- (J^all (_5^1 j oj^ll i _gk (_JjlA (jAx-aJ m p jjJail Ac-jjoi (_5jLaij 1 Q t ui jj ACjjoi j IgJ 

.wave front j v ajjoiI ^ j j-ajll 11a ^ o^Lail ^j^. _AL^ali]l j acjjuiII l-loiUj 



101 ^ J^U Oil&V Ajjlaj 

Js 2 = c 2 dt 2 - dr 2 - r 2 [dO 1 + Sin 2 0df ) 
y o = sinh^ r j ? = rcosh^ j r = crsinh^ 

:lP) 



1 

cp = u—j= 



,_u 2 



ds 2 =c 2 Jr 2 -c 2 r 2 j^y + p 2 ^ 2 +sin 2 Od^Y 



1 

2 2 
C T 

^2 



OsjULAft JLUlt ^uual! Ajjlaj 



2 2 

C T 



dutj j L-lIL u (jj jSj jj .ilsuVI (_gJ^J s-LjaS (jfr ojLjc. (jila j-oj (jij 



Robertson- Walker metric j uj^jijj Jj 1 -^ ^.J^ 



t_yjjJa k j Jju^n ^^cUj (^AjJsj s-ljJaS ^ a^pb ^JaS ' L^aj R 




dl 2 = dxf + dx\ + + 

x 2 +x 2 +x 2 + x 2 =-R 2 k k = ±l j £->0 

k 



dl = dx l + dx 2 + dx 3 + dx 4 



xf + x\ + x] + x 2 = - i? 2 A: => x 2 = - R 2 k - xf - x\ - x] 



x 4 dx 4 = -(x l dx l +x 2 dx 2 + x 3 dx 3 ) => x\dx 2 4 = (x l dx l +x 2 dx 2 +x 3 Jx 3 ) 



dx: 



_ (x l dx l + x 2 dx 2 + x 3 dx 3 ) 2 
— A* A x X2 .v . 



:u 



J/ 2 = dx 2 x + dxl + dx 2 + (XldXl + XldXl + X ' dx ' )2 



— R k Xj X 2 x 3 



Rr cos ^ sin # 
i?rsin^sin# 
Rr cos 6 
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Op^i 4*Ult ^uuai! Ajjlaj 



Jxj = R cos ^ sin # - i?r cos ^ cos 6 dO + Rr sin (j) sin 
dx 2 = R sin ^ sin # - i?r sin <j> cos - i?r cos <j> sin 
Jx, = R cos # + Rr sin # d# 



; ( _ s Jc J' ' J ^ Jajlj^ll sift 



dl 2 =R 2 (-^ + r 2 + r 2 sin 2 Odtf 1 ) 
l-£r 2 



j> jll aIslL^a <kll jit sift 



L y 3 \j±S\ zsJIa j (homogenous) yj^ll t^j^^j^l ^gJc- taUlaii 

^jU ^jjII j jjSlI (jia jij j t <& 2 = C 2 ^ 2 - J/ 2 :*lsJI ^ ^ (isotropic) 



Js 2 =c 2 ^ 2 - i? 2 (0(-^^ + rW +r 2 sin 2 ^ 2 ) 
l-&r 
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OsjULAft JLUlt ^uual! Ajjlaj 



4 ijt 1 »1 i aall y-a 4 SaSj ,_i J _ai. jA\ AjjiLaJl (JSa. yl AjjiLaJl ,j yi jjj yjjUJ lifL 
(JisJ o^Lall -2aJ^}J JJ'"V' (j^*J y^-aj lillil t»L iaall lilli ^3 ^3 ja. j-ail o^Lall £Oj-^ lS^^-^W 

jjjoiiiill tillj -^J '(jl^-ajll ClAjjI-laAj o^Loll -^JJJ JJ (jC illaJI ' ■ laJ Vjl ,4_ljiLaJl 

AjJjoiii] f^LlLoil i^a jlLa^a — AiUall jjjoiiii j& L_ijUa jll (_£-^l J J ' " V'^ .^y^ JJT^JJ'"''.)''. 

yL J jail y£*J (iUjll aISII j AiUalt y^ c*1Ua 2u^Lk]l 

»L^aall liUi ^fl A_ijiUaJl Jta. yli ^LuiaS ^fl j^. jaII o^LJl jLi I j) yj jii yjjl jll taUlJ 

;4_kj| j]| oi& ^ (j.Vr^'i (p J^Li. y-a 



V V = 4;rG// 

d 2 <p d 2 q> d 2 (p . _ 
— V + — V + — V = 4^-G// 

5x 2 5y 2 5z 2 

yi jjij] ^Ull A^iUJl dulj 4_kjl jll 6 AA> ^fl G 



yl LaJ j i<LajUj .la.i ^_gA V 2 ^!? = AkG/U UJ^ ij' ' . '?J b^h^a yaj Ali AjjiLail Ai^aJl yjjlill 
LJLa-i liUil Si-all £a L-baAjla <U3 Ajj^UJI JLa. iilli£ j Ajjliill 4ja.J.lll ya jlalil yjjllll lift 

l^j j yajl i aa.ll ai& ^Ja-^ tillaJ yjliaiji jjjoijjj t j ajl i aaJI sift f ' ~^.U J ' (j 4 - - '"'^.'^ 



^ jlLa-a — AiUall jjjoiiii j& j iyj ^al«Jl AjjiLaJl ^-a ' ■ 1 1 u\ 13 a t_yjjJa ^" ^Jajljll o-^A 

.tlltja-all 2j<\a\t ^L^aj^fl ^jUj yjjlSlI lift ^jUj (Jf^ali 

yjjlill li^S 4 jali nil -jj all 
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Op^i 4*Ult ^uuai! Ajjlaj 



2 =1+1? 

644 ^2 
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OsjULAft JLUlt ^uual! Ajjlaj 



4^ J3ji 3^ 

Ajjlall jl AjjIajI jj-a l-llj 

ds 2 =adr 2 +r 2 (d<9 2 +sin 2 Odf)-bc 2 dt 2 
x 1 = r j x 2 = 0 j x 3 =^ j x 4 = t 

g J i aJ ,ji ' . lllaluiJ lift j ^. = 0 cs-^J JJ' " V' J ' jik-a ^ jlLa-a — 4iUa]l jjjoiiii ^joiaJI lift ^ jLi. 

j'' gall AjjLol* jjjoiiiill li& (J-alx-a <JS 



g 22 = r 2 

g 33 = r 2 sin 2 # 

g 44 = - bc2 

g = -abc 2 r 2 sin 2 6* 
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Op^i 3-»Ul! Ajjlaj 



all 4i3La-a3l ^J^latJi j JjjLoill J' aill sjj£i<a]l Jajljjll jj^ ^J^ilatJi sift <-aj5 L-imaJ 



! a' 

r = — 
11 

2a 

12 21"~ 
r 

13" 31 "~ 

r 

4 4 b' 

r =r = — 

14 41 

2b 



1 r 

r = — 

22 



r 23 =r 32 =COt ^ 

1 r ? 

r 33=-- si ° " 
a 

2 

= -sin^cos^ 
i c 2 b' 

r = — 

44 



2a 



T jjilall <iuu]Lj (jlilijj l)' j q! 



ijk 



; ^^A ^jjolLj jjjoiiii ^gh j»' all <ilLk-all <J-al*-a]l 
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Op^i 3-»Ul! Ajjlaj 



7? = -^— * 
11 2/, 4/ , 



,2 



a'b' 



a 



rb' 



^ 22 2a/) 2a 2 
2 

i?23 = ^22 s * n ^ 



2 4a6 ar 

ra' 1 , 
+ 1 



j2 



R 



44 



2, b" b'^ a'b' 
c z ( + + - 



2a 4ab 4 a 2 ar 



R = g i jR. j 



a'b' 2b' 2d 2 



ab 2ab 2 2a 2 b abr a 2 r ar 2 r 2 



b" b' 2 a'b' a' 
2b 41,2 4ab ar 

rb' ra' 1 , 

+ — -1 = 0 



i jix^a <_£jljaiJ i _ 5 jailjj jjjaiijj (J-als-<s (jjliuijSf AjjiLaJl (jjilS ^ 

= 0 



2a6 2a 2 a 



b" b' 2 a'b' b' A 

+ — - + — y = 0 

2a 4ab 4 a z ar 



ab' + a'b = 0 
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Op^i 3-»Ul! Ajjlaj 



lima— »1 

r— »co 

Hm6— >1 

r— »co 



ra' = a(l-a) 



1 

a = ■ 



b=\-2m/ 

/ r 



t _ ? lc (Jjb^aaj — j — ^ — 1 = 0 4-tat*-aJt b ' w 

lab 2a 2 a 



^ 2 = + r 2 [d0 2 + sin 2 6># 2 ) - c 2 (1 - ^)^ 2 



IgjuJajl ji Ajjlall oi& {j" ,0 cr* cs-^-^V ClLiil^.! .^JoiaJI lift j^"* (jjf^- 0 
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Op^i 3-»Ul! Ajjlaj 



GM . .. 

m = — — u 1 O^J^ 



c 2 



<fc 2 = adr 2 +r 2 (d6 2 +sin 2 0d<fi 2 )-bc 2 dt 2 II 



l^jifr (Jj^ixaJ II j I (jJJJJjiall U^-* (j^O^ "S^*^} (J - ^-*-'* lSJ^ 1 ^ (j- 0 

Z>c 2 =c 2 (l- 2m / 



c 2 



2GM 

6=1-— 

c r 

r = 2m = 2 ^uil b = 0^£ii) 

c 

M =5.9742 x l0 24 ytg t> J^ 1 ^ 

3 

G = 6.67428x10" -^—r ^JfM ^ 
^ 2 



c - 299 792 458 — * ^> <^ j- 



Ill 



OsjULAft 3-»Ul! Ajjlaj 



^ : i aJ ^_^£ jl« ^jia 9 <j-« C5jj^ ^jgiaJI lift ^Ajul (jj^J (ji ' , '7- J lillil t jl« ^^la 9 >ij«^ ^ 



c 2 

fr' 2 a'fr' , 2b' 2a\ 2 2 
2a6 2 2<2 2 6 <2&r <2 2 r «r 2 r 2 

R = + vn ^ssll 
r 

6.8xl(T 23 j/ 2 
/ m 



^ilkjjjjl jxii ' L^aj IgjS duai jjoill L_l jilll jLjaijjjl jjoi ^jIjj (jJJ <j-a 

2GM 

r = — — 

c 
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OsjULAft 3-»Ul! Ajjlaj 



(j« ^cjjj A^iLa. (Jaa. lilliA j£Jl j (jiiAuill AjjiLi. (Jaa. ^jic. <iLjai (jji^jjoilt lil^pJL ^l-l^VI 
j (jiiKi nill jfijA C5 I& Jjflaia (_g jj^lt ^(^^1 (ji LLJajS til I^A (-3 Jj->»'ilt 

j£JI j t^l^^l lift CllLiil^j ^jJjl ^gA ^Ljoijjjl jjoi AjjoLp jj^. jl ojjuialiia 

-( jl£-a — (jLa j IgjLjjlAa.] AjjoiJ^ jja. 

^(JajjjaU^ ^Xc. ' -jjoiaJ ^aJ Jajlj^)ll sift (j-a b J 3. J^-^- 0 ^' '"*' 
1 

a = 



1 ii _ 



r(r-2m) 



r 2 =1 

1 12 

r 

1 13 

r 

1 14 — 



r(r-2m) 
r> 2 =-(r-2m) 



1^ =COt0 

T\ 3 = -(r - 2m) sin 2 6 
T 2 3 = -sin#cos# 

T 44 =^(r-2m) 
r 



\_2m/ 

/r 



b=l-2m/ 

/ r 



AjjaLp J^ai] 4_L« jy03tl\ 4_Lljt-a]l ^ Jajl j^jll sift 
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Op^i 3-»Ul! Ajjlaj 



ds 2 y& ^ 



— " - - - (-)' - (r - 2m) (— ) 2 + sin 2 0(-^) 2 r (-) 2 = 0 

j 5 r(r — 2m) as [as as r as J 

</ 2 6> 2</r</6> . _ ..^. 2 . 

— r + sin 0 cos 0(— ) =0 

r ds ds ds 

d^ + 2d L dl + 2cot0 dldl = Q 

ds r ds ds ds ds 

d 2 t 2m dr dt 

— - + = 0 

ds r{r - 2m) ds ds 



, 2 

ds 2 = + r 2 d0 2 +r 2 sin 2 0df - c 2 (1 - — )^ 2 
2m r 
1- 



Ajhj ^ j # = _ Aai^l l^iSja. I^jj jSII jL jl jill lift (^ic ^ jjSII S- 1 ^"] 

; J£j^l gun) till!! — = Q qjSjASjsJI 

d 2 d> 2 dr dd) n 

— Y + - = 0 

ds r ds ds 

d 2 t 2m dr dt 

— Y + = 0 

ds r(r - 2m) ds ds 



r ,dr ',2 2,d0 2 c dt 



o ^ +r ^ (r-2m)(-r=l 

r-2m as as r as 
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Alt glaJI J^U 



OsjULAft 3-»Ul! Ajjlaj 



ds ds " 

dw 2 

— +— w= 0 

dr r 

dv 2m 

— + = 0 

dr r(r - 2m) 



•A a-ilill oi& Jajlj^ll sift <J-al£j ^ Laxj 



w = — = — 
v = ■ 



r-2m 



:^\^^(^f + r\^f- C -(r-2m)A 2 =l^\^^ j *+ ^ 
r-2m ds ds r ds ds ds 



.dr. 2 a 2 , . . , 2 o2 2m 
(—Y+ — (r-2m) = \ + c 2 j3 2 
ds r 



r 2 



a dr 2 a 1 i ni 2m 2m« z 



(-T-T7 r+-r=i+c^ — + 



"r dtp r r r 

;(J£jJi]! <Llx-all sift ^ J i aJ u =— ^' *-**' 



Jw, 2 2 1 + c 2 /? 2 2m 

" u -t- ^ 



(— ) 2 + « 2 = — ——z-u +2mu 3 

d<j) a a 



d u m . 2 
- + u = — + 3mu 



d(j> 2 a 2 
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OsjULAft 3-»Ul! Ajjlaj 



</ 2 w GM 
- + u = - 



d<f> 2 h 2 



2 



r — = /z 
dt 



r 



ds r 2 



2 ^ 
r — = ica 

dt 



;2_. 2 



— - + u = — — + 3m« 

</^ 2 h 

<jj£i (jl JajjaiJ Aj£jjoi!^£il 4_Lla-all AjjLouj 4_Llst-a]l oift g : i aJ 3niU 2 Cfi- J^A\ \ h i a£ lij 



. m = ■ 



c 2 



mc 2 



3/zV 3 

—2- = — ' ^ 



2 j2 



c c 

. f^a. fijjju^a l^lajS 7,7 x 1(T 8 ^"J* <Ajou3I sifc j AjjIjII ^fl jla jL£ 48 Ci' 

<^ 2 A 2 
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OsjULAft 3-»Ul! Ajjlaj 



u=-j^-{\ + e cos(0 - co)} 

longitude of ) u ^J ' ^ 1 Jj^ m j (eccentricity) j£ i> £ j e j // = GM = mc 2 

(perihelion 

• ^ ^c. U* '^-%(~- 

2 _ 3m// 2 f ^2 



3m« 2 = — [\ + ecos(<fi -co)} 
h 



d 2 u /j 3m// 2 , .,2 
+ u =lL + —^-{l + ecos (0- (D )} 

dip n n 



u =-j^\l + e cos(^ -co)+ 3m ^ e (j) sin(^ - co) j 



u =—{l + ecos(0-a> -Sat)} 



p& ^ &y Ajjljl! Ilia, jl u = lL{l + ecos (0- CO )} AlAjuel\ ^ <HjcJI s^A UjoijIS j3 

h 

Iglavna Cliijji j <Lal«Jl <Aluijll ^jllj .laj ^^A Ajjljll sift idjUxull jIAa] (j^aJjJa^JI 4_Lkj 
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OsjULAft 3-»Ul! Ajjlaj 



3mu . 3u . 3u 

h c 2 h 2 c 2 l 



M = GM sun ^v = 
h 2 



f 3 \ 

6.67 v " :; —.. j x (l. 99 x\O io kg) = 1.327x10 



kgs 2 



20 



m 



1 = 



h = ^(l-e 2 )//a 
<j) = 2n 

_ 3GM , 6^-GM 
£><» = -^ = - 



Sea = 



2*1 C 2 

6ttGM 
l (\-e 2 )a 



(l-e 2 )a 



a=5.79xl0 10 m 
e = 0.206 

c = 299 792 458 



m 



(J jJaVI jUa\l^ (jnanill J ji. ^jUafr jIa* jJaij ' L^aj 

p. y iall 4c jjoi 

<&> = 5 .0 1 9775 x 1 0 ^radian : lA 1 



360° 

jlpl j ^Jc ^ jjll t> A^lii x 60' x 60" 



(2.0626 xlO 5 )" . . 

2x / radian " " 



:u 



= 5 .0 1 9775 x 1 0 ~ n radian x 



(2.0626 xlO 5 )" 



radian 



= 0.10354" 
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OsjULAft 3-»Ul! Ajjlaj 



■Uuill ^jLkc. j^j- ^ s Laj ^^Sj jil 365.25 ^j>?ijVl <UI j ^jj 88 aj^jILt-SI Aioill 

^ = 365 25 xQ 1Q354 , = o 4297" 
88 



^~^/ 43". 0 ^u- 
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OsjULAft 3-»Ul! Ajjlaj 



lL uu jjjl AjIc. ^SaJ f.Lja3 



r 2 

ds 2 = + r 2 d0 2 +r 2 sin 2 0df - c 2 (1 - — 
2m r 
1- 

r 

^2 2 

a u mc „ 2 
— r- + « = — — + 3m« 
J^ 2 h 

■t, jjj^W si^j <L1jlJ1 ( ds = 0 JjAjailt Jj-^iill cj^hU^ ^1 Jj ds = 0 h = co 

d 2 u 2 
— - + w = 3m« 
J^ 2 

« =— COS(^ + «) 

R 

A ajjj i " " Ja jJaa ,jc. ojLjc £ jjJail jj.ui.a3 ' 8JJ» i a AjjiLaJI (Jia. lil i<J-al£j]l Clul jj (X j R 

lift _o^JI lift £jJaj .(2 = 0 ' . lllalua lift j (j) = + — Ja jJaaJI Clll jl f. jjJail 4£^p. JJjol« 

J 2 w 3m 2 / 

7 + M =— r COS 0 

d<p 2 R 2 

\jlt, ( ZL^2-COS 2 (_>aLi. j^. (jL ^lail AJlllSVI ALU-all oi& ja> 
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Op^i 3-»Ul! Ajjlaj 



1 , m /_ 2 /\ 
= — cosfi) + — r 2-cos 0 
R R 2y > 



;iilljl3 w = Qgj j' ^ ^U-uill lift Ajlgi j 4j1.1i ^fl 



m 2 , , 2m 
— cos <p-cos<p = 0 



, 2m 
COS0 = 



j' all ^Isuill lift <^fl tillil 



* = ± 



2m ^ 
V 2 + T y 



4m 



4GM 



M = 1.99xl0 30 kg L>i ^l<ii£ 
c = 299 792 458 — bUJ teju 



5 

3 



G = 6.67x10"-^— lHj^ 3 *UI AjjjlaJI CjjIj 

i? = 6.95xl0 8 m (j-*^ 1 jiaSLJu^ij 
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4x6.67x10" 



x\. 99 x\0'° kg 

= 8.5 x IQ- 6 radian = 1.75" 



m 



299 792 458 

v s j 



x6.95xl0 8 m 



<i jjJall A*^aj qa <L^al_aJl AjLaaJl 4 a^lHH AjjLoba djl£ ( " ll J ■ ul a a] I oi& (jc. 4jajU]l Aj^jJaill 
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^Hift 3-»Ul! 4-uuuII Ajjlaj 



ejl ja. <La.jJu ' ajU\l l^A e.luo JjixJJ (_P j-k-^a 1 (j^LoJI ,a\l ^joiaJl j.L aj ; ja^VI ^LajjVI 
jjJa ' «;l" j.V rn; »LajgJl ^ ^xavj 4 b al aJl sAA ^j-a g.La.uill ^ j^Ji ^ ■ ""' V ' ~ ■ "7- 11 I AA 

^gi ^ j^ill O*^*-} L>* J-il-k-all L_SjJa]l AjojIjJ Ale ,4jjI ja. <La.jAjj 4jU j£-aj j Aj (j^aLa. 
jjj IjA&Lai ^ _>?-^l s^A 1 °.) " (j' J^' U * a * ■ (jl-^ 'L? ? 1-^-? U.)' "**'*''' ^ALii cAjlfill 

, ja^VI (jjUl cjjJaJI jl jll 

^liiijl U-la. j] liljaJLa ^^ja. £fi-« (j-« >j M , ^| j^a^i jj| jj L_s!)liaJ ^ jijj-i ajAUa liscaJj 
Ij-VI fcJ-aJ o >Ui]l 

j^'" jjjj jj liic Axiu p jjJall £fLa (jlS (4 J i aj Sal la aj jj£lV I) Ajj jjJa]l ^1 4jj jj^all 

^jJLc jjjJ j j AAllaS U _^aJ t_ljJij £ j' gall £fLa jl£ lil j j-<lSl^I _£aJ ^1 jia jjJall ^i*ll lAA ' flJ Sa 

^ jai^ (_5jLoU j-a^.^1 ^aJ CllLaAj jj*^l ^ J * <ULaJI aAA ^^ia jj£joi <ULa. jj£3l jl£ lil 
jaj ^Iji-a Cllj-N all ^Xaa> ( bla yl AjSlall JlL^aj^l dlla ui LLaC LailJ (JjjVI _^aJ OLaAjjj^H 
^ulLaII (jj^ll aj^S AjjJ 11a j (J^aj*^! (jc S^a^a]! Axj Lj^L i—luil ^Lj^j^l lift Ajjoij j j-<La.^l 

4-lluuil di_jjbu3 t^iaL ^ J^-ill l>« jjlj-a]| ' ajU\l j^a.^1 j^j ^b^j^l ^-lc jjj jjj ^Jjiaj jjoiii ^] 
^Ljjj^l ejAUall siA L JiC diaUal tjuo'i j t AjjjlLaJI Jia. < _ S J| i—Umll (llT-a>jl j SjAllall sAA A-aUJI 

ja^>j ^ja AjjiU Jia. jj UaJ jl jl ^ j i (Gravitational redshift) ^W^W j^VI j^j 

^l^la (jil ( l^a. (^I^ ' (JiaJI I^A A aoHj ^ajll I^A t_Jj3 ^ jjJall ^UuaJI I^A .13 jj ( ^ jjJa ^Uuai 
^JUILj j AjIc AjjjLaJI Jaa. jj) (Jfl t ^aall li* (jc ^ ^all ^lauill I jlA Axil LaK j£] c malA\ _^aJ 
, j^La.^1 _^aJ ^jJ jjJall ^IxjoJI lAA jj] ^Lj jjj ^1 JJjjII (j^aliajj (_£-}jJ ' s^JjJ (j^aiLajj 
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OsjULAft 3-»Ul! Ajjlaj 



_s jjLala JJC- j A aialLa 4£^a. dlli Ailuij ^1 (jj^J (ji (j^-aJ (j-O^ W"? U^^J cs-^ t^J- 4 ^ <C-Loi 

^fl <Ujui.%1I <kjljll . jaj ^fl jtlbLaJ D J C yttbla. Ajlgi j AjI^J B J A O^J^ 

(JjoIjS ^aJJ till^l j^Jl (j-a yjjJ a SI (jJjlA *$£l iY) J C LfcM AjjoiAigJl AjjLouj B J A (j£ (j^O^ 

ds 2 =g ii (dx i f 

x 4 

.... . ^ . . ic 

dx 1 = dx 2 = dx 3 = 0 ^ 
<* 2 = g 44 (<^ 2 ) 2 = -c 2 g 44 ^ 2 

(X 3 J X 2 J X 1 ) <Jafcll cgi i>jll ^l^j t S Alualill jll yjj t X 4 = tci jM ^ <js± 

s = ic\Jg^dt 

i£^.j-a]l AcLoill ^J-^J J < U.)'.)^.)"^ 1 a j Uj-^ ' * U£ dS J S ^-lajljll ^ 
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Op^i 3-»Ul! Ajjlaj 



J? =1 + ^ 

644 c 2 



dT = ^\ + ^-dt 



:c5 ic. Jj^xa-j = Jl + -^(^ jll (> .(> jll AjjI^.1 uua, <lal£ 'Lujlli 



dT = ^l + ^dt x = Jl + ^dt 2 



1 + 



c 2 



*2 f3 



c 2 



t[ jtl J AjjIj ?r j-« <-akl 4_iil.l^l L J Sjill sAA dllc-la-iaii (j-a <LajU]t j^ill <>akl 4_iLaj 



125 



Op^i 3-»Ul! Ajjlaj 



L^jLoUj 4 SaSjll s^A (jC- cJiijaba 4 Lai] I a^A ^ ojill a^A (jl ^ i 'ali aAA (j-a 

til tlgjoiij ejill jj (jl£-a ^gk eA j^. AcLoill ^ua jjjjjill (jJjlA (j-a <J£ 4_iLa^ Aik-aLall 

l4 laiull oAA ^ (jJJjill fiAA ' SJ L Ja jlai. y^ jy^ ,jl£ 



1 + 



2(p x 



2 1 + 



2^ 2 



1+ 



1 



^1 + 



'1 + 



2(p 2 



1 + 



2^ 2 

c 2 ; 



l- 



<p 2 



1+ 



2^2 



1 + 



2^ 



2 2 

c c 
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OsjULAft 3-»Ul! Ajjlaj 



j SjJlI ill* 



c = 299 792 458 



m 



G = 6.67x10" 



m 



kgs 2 

M s = 1.99xl0 30 £g 
/? s =6.95xl0 8 m 
M e = 5.97 xlO 24 kg 
R = 6356000m 



JjixJl JijilU ja A^iUJl d 1 ^ ^aSj Gravitational Potential ^WJI ^ 



9 



GM 
R 



(JJ=A "jluu .Ajlgi VU 4 Saa^l oAA (ja 



^=-^ = -6.27xl0 7 



R. 



= -1.907xl0 1 



>=> !i = l + ^_£. = 00000212 



Sj-a (J^^i <aj2jHi A^ijLu]! qZjxJiil quaJA\ \ i3 lliuil j] tl g uAjS j 1.1a. ojJAA^a <xua]l <si& 
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3-»Ul! Ajjlaj 



lij 4 A 2 ^? = 0 £jla frLJaa ^ ^ jjjll Jlfrail <!|jJ (J^>IjV ciiV.il*-*} 4_uil ^ = o jjliijl bU. 

ajlA (jl (j^ 1 *)) 4_i3 SJl _^a. A Sj^II J o^Lallj IjjllLa 4_ijjlla. <_JiLa. CllV.il*-* ^LiiLaii llij 

yaJ <LaJl dJA ,J (uj^* cs* J J-»^ yU-.il! j jUiJI jl (jJajVI Ji.ljl eJl ja- j-all AJj^lt 
Q 4_Ll*-a]l siA A 2 ^7 = 47ipG (pOiSSOll) (jj^l CllV-il*-* £-* <ial£L*]l <Lal«Jl ^LujouII 4j Jaill 

.(4i\j£ll p j (jJ jjjl j£lt <^l^l tly^J 

'j'' all ' all a a jjjoiiii] ^jLoba ^jujJJj jjjaiiii (jj^J (jl ' ; laJ J^£.iLa]l (JiaJl CllV.il*-* <Jc- (J j - aali 
J 1 / 717 jJ*ia V jjjoiiii (_5jLoilll V iT^ V AiUail JJ*i* ^Ul jjjoiiiill _jA c_Jjailia]l jjjoiitjll 

;ojjj^a]l <s.i£J J;lil« V <i-lk^aj Jl jjjaiiii]! ' ■ u£j 

- • [XV 

Rf»=g*>g"R pa 
R »v = _ kT »v 

^| jj3 JJjb Igi (J- 11 ^ AjjLoLiJl CllULa*Jl (j '-— » J Jj* i all 4j]Loi]I <La!)l*Jl j CllJii If <Jajl Jl ai& ^ 

Ut i .gkiJi ji r^ v = o ^ jfcJ ^ ji aAA (j>s 1 g 7> l Vnui i (j£-*J dil •^ I 'n'im VI 

jkilt " Li ^L ij^i J ft JJ» ■ <kll Jl 6 iA ^fl k <-*^ ^ ^ SJlUll 

.^Jajoball (jl£-ajl ^3 I g *«*- 



c ^£j\_lJ 2«;l Sala ( _ s ic tjlUjoil AjjLaJ Jl ^ mJli^Jl ^fl 



V 2 V;v 



= 0 
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OsjULAft 3-»Ul! Ajjlaj 



j J i alll yJJ 4_kjlj3l j ' j^^l J i al fcll jjioi jilt £ jli. <-a^i\j«J\ 4_kjlj3l ^ 



£_ AM - AM 

as 



y d-S j 



R. v = R v c^jlou <LLkl« R£ v = 0 li* ^jlLou 7^ v = 0jlS lil 



:u 



R^-L Rg Mv = _ kT Mv 



g ^fl <Ll»-all sift tjjSjJa ^O" 3 .1915 f^- ^^J^" yjliiji Jaa. tliV.il*-* ^ d^A 



R=g t , l ,R" y 



3«v = 



if // = V 
if jU ^ V 



S MV S M y =<5 M V =^11+^22+^33+^44 =1 + 1 + 1 + 1 = 4 



i? - 1 (i + 1 + 1 + \)R = -kT R = kT 

2 
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OsjULAft 3-»Ul! 4-uuuII Ajjlaj 



2 

R^=-k(T^ v -^g^ v T) 

c^UJI 6 ^a j T MV =0 J -1 

aAA ^jliij ^ lillil 4 jUa. jjc. l^jliLoba j g- i—luta j^A (JiaJI lilA diV.il*-* -2 

' L^ai jA La^-La <J£ (jjlSa ^ J A (J- 0 ^ CSjJ^ (J**^ (JliLall (J^fw CS^" - 'dV-il*-a3l 
<iLiaL lilli j 4j]a». !>UI <UlaJI siiA (jc ^Jajll (JjHiajj |*>aC- t(j£aJI dV-il*-a] j!i£l k±A ^ ia*J 
IjlA jjjJa^J .^)^a jl L_Li. _a-a t <— lILui (jj^J (jl (j^-*J dlll!i]l lift i y\ j& dV-il*-*^l a-l^J j£ dlAli 

all sA^J (JiaJl dV.il*-* ^j- caJ 

RW-L Rg »v +Ag VV = _ kT VV 



iLja<a fijiiUa ^a y\ dljl£ I jl 4 — — 4jAi.j j g.1 i jaall (jj jSj R 4jLL* j\ _jSSt dul!i3l 

4 ajSIl cCjlllA^Ji]! ' ■ b aa .(JdajtJ £-* SajoUXa ^ j _aAJ ^3 dllliill liiA (_^a a-ililioiVI (j^-aj _<JjjLii] 

JC. jkjJl Jjit J^aJ !>UI dUmU-JI J |A| < 10~ 5 ° ^ cs^ t— Ijlilil li$J AiikJl 



2 

m 



Culiill 11a 



; (Jj-a^j 4Jajl^)]l sAA j>a j 
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OsjULAft 3-»Ul! Ajjlaj 



i?^=A g ^-^ v -Ig^ v r) 



R^=Ag^ v 



^ = 8^ => ^ = 2>073xl0 -43 *L_ 



_4jc ^jaill (j^-aJ j 

4Jajlj]l eJlA qa Al[Ll\ jjaj jlaj 4JUJI eJiA ^fl jUc. SjUt eLjaill ^fl dljl£ lit 
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OsjULAft 3-»Ul! Ajjlaj 



^ --V Ajjj jjj 4jj£ll 4jjkjJlj i^uj jl JjJaaVl 4-alaJI 4ni.nl! 4jjlij} 4jj IAixUj^Ij i^ull Jj3 

.<Lal*JI Ajjjou]! Aj^)^ ti^V <cljjjj jaj j 4J.sIjla 

j jialjj ji pi i jA P 4 Saajll ,-fl ' aSI j]l L—lSl^^lj laja^ <jL>3^ U' (J^J^ . /?(/) 

(P = a + b(T + C(T 2 + d(T 3 + ... J 'SjU- 5 ^ ^ <Ja£i]l t>'Xt, ^1 (p yl (j^AJ^ 

4_l^i .ij .P 4 Saalll U CSJ^Vlj ji ' P 4Ja£j]l CS-^V' f 1 ' CS^ ^l-^-^ <J iS 

<p = ^7rGpa 2 
3 Jo- 

Illp] M' = — ^OCT 3 ^ M' Sj^ll eJlA ^ S.1 ja. j-all j cr U jiaS (_L^aj sjS ^A P 4 Lilll 

GM' 

eiA ^fl r C5 P ^Jaiill ^1 Q Sja-all (ja 4L<alall j till ja-all .1 j^a. ^fl Jj^I jilt ji liJajS I j] 
JaLoifji ,J jV '(>» j5l £-* J^*"" ^ -5 A -^ 1 1 6* <Latill s^A ^ S.1 j^. jA\ aI&II aJUJI 

lit ..kliaJ! ^ jj jjjli (^Jc- bUlJ liA j oj£3! o^A ^ £ jij V j J^-ii V Si-all (_jti »1 i aall 

P o^^aII j Q o^^a]! jjjj Aik^alill jjl UjJajS 
t>ajll U JJ*1* sAA ^Jf Jill SjUc 



R 2 



132 ±c e laJI J^U OjUL&V Ajjlaj 



U jlaS L_L^ij sj£ ^fl 3^ jJI M J h ^> M = — J R = ^-^ 4-M jll aAA ^fl 

/; <// 

*(*) 

dulfi ^ <>aj3 lilljil Cjjlii jA —nGp ^ <p = —nGpo 2 

Un-aa. j t_i£ljj]t ji ^«aaJl AjsUjIj llxjml lit (p = — — C 2 A<J 2 jA ^>i.l L_ll j^. Ls \c aaAm j _/\_ 

6 



d <P A n 1 2 A 
— z - = -npGo - c Act 

d(J 3 3 



- 4 ^„ 1 2 A „ - GM c 2 AR 

R = — npGR + -c 2 AR ^R = + 

3 3 R 2 3 



^1x31 (JaISj <jc sjUc L-ljjJall 11a) 2i? R = — + C 4XsIjla]1 (j^J^a L_]jjJaj 

i? 3 

2R (2 



J\^-±jL = [±} j 2 RR = (Rj j2RR = (r 2 ) 



R 



R2 = 2GM + lAtf_ kc2 
R 3 

:4H*JI oi* ^1 J*^aj C = 2GM Li-^ja I jj Jal&JI CjjIj -^c 2 aJojI j3l s^A 
i?2 = C + C 2 A i?2 

i? 3 

;4-aL*JI 4 ji, ii 'ill liLjlSjx J_ps 1 » n,.'ii, 



Op^i 4*Ult ^uual! Ajjlaj 



4jjni1H Ajjlaj ^£> uUluil ■ 

k = 0 J k =+1 »jA <J 



Js 2 =c 2 ^ 2 --^\dr 2 -R\t)r 2 d6 2 -R 2 {t)r 2 sin 2 ^ 2 

1 



R 2 (t) \-kr 2 
Sn ~ 1-kr 2 a ~ 2R 2 (t) 

B = g 22 =-R 2 (t)r 2 P = 



2R 2 (t)r 2 



1 

C = g 33 =-R\t)r 2 sin 2 0 r ~ 2 R 2 (t)r 2 sin 2 0 
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Op^i 3-»Ul! Ajjlaj 



fil = G 22 = G 33 
g U 



2R R 2 k 

T TT 7 + A 

Rc 2 R 2 c 2 R 2 



G 4 , _ 3R 2 3k 

g 44 R 2 c 2 R 2 



c j ASUall T ^1 J> * (>) T = c 2 p ^ G /7V = 0 AlUJt ^ jU * V I j] 



r S7rG T 



lui 



2i? i? 2 * . n 

■ + — T-T + — T-A = 0 



tfc 2 *V tf 2 



i? 2 & A _ 8^oG 



i?V i? 2 3 3c 2 



g _ Ac 2 AnpG 
~R~~ 3 



:c > ^ ^_ + ^_A = 8^G ^ 



/?V i? 2 3 3c 2 



, 2D Ac 2 R 3 _SxpG R3 



R z R + kc z R 



135 



OsjULAft 3-»Ul! Ajjlaj 



+ R' + kc 2 R-Ac 2 RR 2 c5 j^J j-yVl jUl jliLii] 



2/? /? 2 £ 

^J^Jtfi? 2 ^ — + _^ + _!L_a = 0 aLUJI jja> 

" i?c 2 i?V i? 2 

2R R 2 k A3 , , 2A * 2„n2 



+ ^^ + ^-A = 0^2RRR + R 3 +kcR-AcRR z = 0 



i?c 2 *V i? 2 



:c$i C J^ 1 

D 3Y =0=> 8ggG je 3 =c 



V 3 j 



/?V i? 2 3 3c 2 "3 * '• 



^ 2 = C + Ac^_ fc2 
i? 3 



a^A (JlLaj _<LaL*JI 4 U i gill 

j <U.s1jca]I ai& (_j<a 1 g ^Ijjlui) (j^-aj (jj^ Ail*! ^jllj ii3U& (jLa-lj^ ^ j ^ .t^lj^a^l j <U.il*-a]l 



136 



OsjULAft 3-»Ul! Ajjlaj 



LjoiAiA All Ala. jll ^1x31 ^luull ^ j j-ailli ligj ( = 0 cS^ eLjaAll yj (j^ajSJ Ajjj jjill ^iLull 

jA> aJLJI <a\j£Jl ^jU (illil j£Jl <aU£Jl ^ ^faA-"* 4->jj«^ 'tM* ^LiLaij .<_±a. ^« 
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±c J^U OiluuV <iiuul\ AjjIsj 



l 



Paraboloid 




Hyperbolic Paraboloid 




x = rcos6> 
y = rsm6 



x = t cos $ = cos Odr + r sin OdO 
y = rsm0^>dy = sm0dr-rcos0d0 



2 

z = ^-|(rcos6>) 2 + (rsin#) 2 j = =>dz = ardr 



ds 1 =dx 2 +dy 2 +dz 2 =>ds 2 =(\ + a 2 r 2) }dr 2 +r 2 d0 2 
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OsjULAft 3-»Ul! Ajjlaj 



^ jjajoill AjJJ-a <j-a j!i£l ( _^A ^Jajoill lift Ajjl* J ^IjjJ JJC. ^Jaui jA ^Joia all lift 

yjT^ini (JSjuill Ijia ^inuoV .(saddle-shaped) c^s^^^' <J£joi31j 11a 

x=r+6 

y=r-e 

x=r+0^>dx=dr+dO 
y=r-O^>dy=dr-d0 



z = ^i(r + ef +(r-6) 2 ^z = 2ar0^>dz = 2a0dr + 2ard0 



ds 2 =dx 2 +dy 2 +dz 2 ds 2 = (l + Aa 2 0 2 )dr 2 + Sar0drdd + [l + 4a 2 r 2 )d0 2 



g n =g rr =2+4a 2 0 2 

g 2 i=ger=8ar0 => ds 2 = g rr dr 2 + g 0r drd&+ ~ Jal 
g 2 2=gee=2+4a 2 r 2 



x=rcosh6> 
j^rsinh^ 
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Op^i 3-»Ul! Ajjlaj 



2 Jlidl 

;J<i nill ligJ ^ilUI ^oia^all <LU-a 



((x 2 +/) 



2 



j«' all dulj jl.lL* 4-Jajl jll ^ . » ■ "7- l-l$l jjjIc- eLiajj j ^uUJj eLiajj i_J jlla<a]| 

(jLaJj jjjoiiii (J^la. j«a I g la (j^-aJ AjiiJalLill 4 i a li^ II ,j <1jjol4 oi& ;d^Jl 

x = rcos# 
_y = rsin# 

^ 2 = dx 2 + dy 2 + dz 2 = (l + a 2 r 2 ) dr 2 + r 2 d6 2 



g n =\ + a 2 r 2 

2 ^21=^12=° 

Sl2= r 



1 



l + a 2 r 2 



22 1 



g 21 = g 12 =o 



2 

AT 



pi = _L3?n _^pl = 

11 2g u 8r 11 l + a 2 r 2 



r 1 - 1 d gn pi _ r i 

12 2g n 86 12 2 



21 



= 0 



22 2 gll 5r =^ 22 

r 2 =-J-%^r 2 =o 

11 2g 22 86 11 



l + fl 2 r 2 



-2 _ 1 dg 22 



r 2 = 

12 2g 22 5r 

p2 _ 1 Sg 22 -p 2 =f) 

22 2g 22 86 22 



r 2 =r 2 =- 

1 12 A 21 r 
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OsjULAft 3-»Ul! Ajjlaj 



^1212 = &22 
^1212 = &22 
^1212 = <§22 



^p2 ^p2 

0/1 1 1 _ La 12 . r 2 r 1 +r 2 r 2 -r 2 r 1 -r 2 r 2 

Q e Q ^ L 21 A 22 A 11 1 ll 1 12 1 21 A 12 



' ar 2 

_ 1 1 2 I r2 pi _T2 p2 

g ^ ± 2rn 1 2r 12 



^_^ r ?2 + r 2 r 1 -r 2 r 2 W i? = r 2 ^ 

^ +1 2ril 1 21 1 12 \—> ^1212 A 



1, fl 2 1 1 

r 2 l+fl 2 r 2 r 2 



a 2 r 2 
l + a 2 r 2 



^11 _ 6 ^1212 



^22 ~S ^1212 



K \ + a 2 r 2 j 



a 



\ + a l r 



2„2 



f 1 N 



\\ + a 2 r 2 j 



( 2 2 



2 2 

a r L 



\ + a 2 r 2 ) (i + a 2 r 2 ) z 



R = g lJ R=g n R n + g zz R 22 = 



'j 



11 1 & 22lv 22 



a 



\ + a 2 r 2 ){ l + a 2 r 2 



+ 



2 2 



2a : 



(l+aV) 



2a : 



(\ + a 2 r 2 ) 



IjjjjlSJl lift ( ; Un-S ajoia rtl l ti^J (Jiljlfi. 



171 11 _ 171 12 , fr ps _ pr pi 

6# Sr 11 r2 12 H 



^ g2i=£i2 =0 u^j 5 = 1,2 j r = l,2 u^ 11 ^^ 
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Op^i 3-»Ul! Ajjlaj 



r)T 2 r)T 2 

UL 11 M 12 | pi p2 _ r l r 2 , r 2 r 2 __ r 2 r 2 
<3<9 dr 11 12 12 11 11 22 12 21 



■§22 



1 



r 2 (l + a 2 r 2 ) 



.^Eik+r 1 r 2 -r 2 r 2 

Q r ^ L ll 1 12 1 12 1 21 



r 2 ^>K = 



1 



r 2 (l + a 2 r 2 ) 



_L | __L 
r 2 l + a 2 r 2 r 2 



(l + a 2 r 2 ) 2 
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OsjULAft 3-»Ul! Ajjlaj 



3 Jli*ll 

^ 2 = -dx 2 - dy 2 - dz 2 + e~ 2ax dt 2 

.Ajjlall fii^J j»' all 4 all a all (JSjiaiJjS ^J^/lc <J£ L-luta.1 
.frl i aill I^J AiUall jjjoiiii (J-alx-a -^jt (jjlioijl (JSa. <J^l«-a 

x 4 =t j x 3 =z j x 2 =y j x ! =x ic^jii 



#11 

^33 = - 1 



1 



#44 = e 



-lax 



r 1 - 



1 



2g u dx 



^>Y\,=-ae- 2ax 



r 



1 



14 



^=>rf 4 =-a 

2g 44 ax 1 14 



j»' all Ailla all <j3jioiJj£ ^j^lc 



Ml 



M41 5x 4 dx 1 



» , =r* =^±-Li± + r 4 T° -rirl =* ft, =RL =-r\rl =-r 4 r 4 



.s4Ml x si 1 14 



Ml 



.vl A 14 



4T 14 



-a 



R U- R \A\-- a2 



n _ nl 
JY 44 _JV 414 



_ ^ 44 



r 



3x 5x 



41_ , pi rs _pl p.? 
4 si 1 44 1 S4 1 41 



'-"■44 -""414 a 1 
OX 



44__pl pi 
1 .S4 1 41 



ar 



9x 



44 _pl p4 
1 44 1 41 



^R dd =R\ U =^(-ae- 2ax )-(-ae- 2ax )(-a) = a 2 e- 2ax 



dx 



Raa — R 



nl _ _2 _-2«x 



v 44 



414 



145 



Op^i 3-»Ul! Ajjlaj 



R = g U R . => R = g 1 % 1 + g 44 R 44 = i-i)(-a 2 } + ( _^ x « V" 2 " } = 2a 2 

R = 2a 2 

R iJ ~ } 2 S i jR=*T ij ^ k T 44 =R 44 -\g 44 R = a*e-^ -\ { e 2 °*W^ 

kT 44 =Q 



R iJ -lg iJ R= k T ii ^ k T u =R u -lg u R = -a 2 -U-l ) w 2 ) = o 



L ll 2 6 H 

*7] j = 0 

;r 1 ■ gaill li^J ^jjaLp J;l?-ll 4_Ll«-« 

d 2 x k k dx l dx^ 



+r 



= 0 



J 2 ? _ 2 fifr 
J,? 2 flfr 
d 2 x 



= 0 



(is* 



2 -(ae- 2m ) 



^ 2 



V d5 y 



= 0 



g, 



dx l dx j 
u ds ds 



= \^>{ae- 2ax ) 



'df] 


2 


( dx^ 


K ds j 




yds j 



= 1 



dv 



V— = a(l + V 2 )^>ln(l + v 2 ) = 2a(x-;c 0 )=>l + V 2 = e 
ds 



AS 



2 _ ^2a(x-x Q ) 



l + v 2 =£? 2«(x-x 0 ) 



OsjULAft JLUlt ^uual! Ajjlaj 



4 Jli*ll 

-a 2 (t)(dx 2 + dy 2 +dz 2 ) + dt 2 

;<_! jlla<a]| 

j»' all Ailla all (J3 jluu j£ ^j^lc 
i all A all a all ^ ujJ 1 j jjjoiiil (J-als-a 

x 4 =? j x 3 =z j x 2 =j j x 1= x '.o^jfc 

—4 1 Sg n |-,4 t-4 t-4 13 2^\\ 

33= -^^ rii=r - =r33= -^ ( - a (t)) 



-3 __L3?n pi _p2 _p3 1 l ( _ a 2, 

34 ~2g n 5x 4 ^ 14 24 34 "-a 2 (/)ft ( ' 



r 4 =r 4 =r 4 =ad 

A 11 A 22 A 33 ww 



pi _p2 _p3 _ 

1 14 ~ 1 24 ~ 1 34 ~ 



• la U J clA^-J ' "V' ci*l«-4 



8 fa 



dt 



a 



a 
a 



pi _ r>2 _ r,3 
^414 ~ ^424 ~ ^434 ~ 
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Op^i 3-»Ul! Ajjlaj 



^141 " " 



ar 



dx 



1 ll 1 14 



7? 



414 =!(««H«a)(£ 



= aa + 2d 



^141 — ^242 ~~ ^343 — 



^44 ~ ^414 + ^424 + ^434 ~~ ^ 



i? n =i? 141 = aa + 2d 2 



i?22 — ^424 — 2 



D 1 1 D i 22 D 33 D 44 D 3 

R = g R U +g R 2 2+S R 33 +g R 44=ZJ2 



(aa + 2d 2 )-3- = -6 
v ; a 





-6 




[aj 







7? = -6 



d 2 x^ + ^ dx 1 dx-* _ 
ds 2 u ds ds 



y \ ■ aill I^J (^jJoiJ-i J^?-^ 4_Ll«-« 



d t ^ dd(^^ * ) 2 0 d x ^ ci ^ dt dx^ q 

ds 2 cfo ds 2 a ^5 

^1+adA 2 = 0 , fl/^ *fr)-Q 

£/ 2 ? . ■■rdz^j n d 2 z d / dt dz^ ~ 

— Y + aa(—Y=0 +-(——) = 0 

as as as a as as 
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Op^i 3-»Ul! Ajjlaj 



6/ij 6/ij 6/ij 

;^uijVI L_fijla3l dlV.il*-* (j* 



— - = 0=>t = L+bs 
ds 



\QAli\ L_fijla3l ClV.il*-* <j-4 



<i 2 x _ d 2 y _ d 2 z 
ds 2 ds 2 ds 2 



y = y 0 



z = z a 
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Op^i 3-»Ul! Ajjlaj 



5 Jli*ll 

^ 2 = r 2 (d<9 2 + sin 2 Odf) 

t-\ • <aall I^J (Jaj^yj^ ^j^Ic t^jii^S AjjIhj l_sjju 



X^ =(/) J X^ =6 J \ §U r 2 . 2 „ ^J^l*^^ 



g 22 = r 2 sin # 



r;=J-%^r;=o 

11 2g u dx l 11 

r l = _L^n^ r l =r l =0 

12 2 gll ax 2 12 21 

ri = - — %■ => Ti = - cos 0 sin 6> 

22 2 gll ax 1 22 
r 2 =-J-%^r 2 =o 

11 2g 22 dx 2 11 

12 2g 22 ax 1 ^ 12 21 sin^" 00 ^ 

r 2 - 1 d g 22 _^ p 2 _q 



2g 22 a* 



/ ST 1 ., dYl 7 7 

R i _ ik_ J-+y r s - r r 5 

^ dx J dx k Sj ik sk ij 



^1212 ~Si2^\2\ ~ #22^121 
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^1212 — #22 



( r)V 2 r)V 2 

UL 1 1 1 2 I "T2 pi , p2 p2 _T2 pi _T2 p2 

<3x 2 Cbt 1 22 1 11 1 11 1 12 1 21 1 12 



= r 2 sin 2 o{-— (^r)-r 2 2l F 2 l2 ) = r 2 sin 2 0 
1212 I a# sm6> 21 12 J 



1 cos 2 6> ^ 
sin 2 6 sin 2 6> 



tf 1212 =r 2 sin 2 6> 



r 2 sin 0 



r 2 sin 2 6> = l 



^12 =R 2\ =0 



^22=^%i2=i^ 2 sm 2 ^ = sin 2 ^ 



»1 i aall lift f 1 liUiS frLjaill li^S ^uujj AlaLai 



JlD , „22 D _ 1 ... , I - :sin 2^ = 4 



r' r 2 sin 2 0 
2 



eliajj (jC ojljC- (_gA j (jJ>i*J '^-lli (manifold) ^ ^gjaiJJj A- ba l m 
;<LLjI j )]I sift ^ O ** ' "*JJ^ ^J^- *\ 1 u * olsuVI -i-ic- 



R ijkl~ l^SikSjl SilSjk) 



, Jllall li^J 'Uajl^l sift <* a i a (JJ^J <j£-«J (^-ulj (jC- Sj^C- f <Uajl j]l sift ^ ) 
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6 JH^I 

:u) cs^ u*l« / j k j j j icJ^ 



+R l j..+R l . 7 . = 0 
z//c /a/ y/cz 



^/ _ ^~z'& 
z/'/c 



ar? 



5x 7 5x 



J/_ + p/ pS 

k V ik 



1 sk L ij 



R 



1 +R 1 1 ..+R l .j .= 



+ a, .. + a ., . 
z/A: Atz/ y/cz 



ar 



7 



ari 



ik_ ^-+r^ r s - r 5 

" ax 7 ' a/ s/ * sA ' ? 

art ar z 



+■ 



kj_ #L + p/ T s -T^ T s 

dx i dx j si kj sj hi 

dT 1 .. ar z 



+- 



- L sk L ji si 1 jk 



= 0 



dx l 



:u 



,1 



:u 
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7 Jli*ll 

igr* {t,r,6,(f)) CSJJ^ Cp-H cs^S J^* Ajjla 



<is 2 = dx 2 + dy 2 + dz 2 - dt 2 => <is 2 = dr 2 + r 2 d6> 2 + r 2 sin 2 6><i^ 2 - 2 

^ 2 = e 2/?(r)^ r 2 + r 2 dQ 2 + r 2 ^2 ^2 _ g2«(r)^2 



rj!=a' ri 4 = e 2(o; -^V r !i = ^ 

r 2 =- r 1 =-re 2f} r 3 =- 

12 1 22 ^ 1 13 

r^ 3 = -r^ sin 2 (9 r 33 = -sintfcostf = cot # 



;g;t J jVl AjjIaK AjjU! o;(r) = /?(r) = 0 u! J 3 

^ 2 = dr 2 +r 2 d0 2 +r 2 sin 2 6>^ 2 -^ 2 



C = o r 44 = o r ii=° 

r 2 =- r 1 =-r r 3 =- 

1 12 r 1 22 r 13 r 

ri 3 =-rsin 2 ^ r 2 3 =-sin#cos# r 3 3 =cot# 
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a\t) 



1-kr 2 
g 22 = a {t)r 
g 33 = a 2 {t)r 2 sin 2 0 
#44 = "I 



8 



ds 2 =a 2 {t) 



dr 



1-kr' 



■ + r 2 d0 2 +r 2 sin 2 0d0 2 



x = r 

x 2 =e 

x 3 = (j> 

x 4 =t 



-dt 2 



4 _ aa 

1 22 = aar 

F 33 = adr 2 sin 2 # 



~l — 1 1 t < 1 t < 2 t '2 |— <3 i — 13 

1 41 — 1 14 — 1 42 — 1 24 — 1 43 — 1 34 — " 



a 



T\ 2 =-r(\-kr 2 ) 

T l 33 =-r {1-kr 2 ) sin 2 0 



r 2 =r 2 = r 3 =r 3 =- 

L 12 L 21 1 13 1 31 

r 



r 33 = -sin 0 cos # 

r 3 3=r 3 2 =^ = cot0 

23 32 sin6> 
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ad + 2d + 2k 
l-kr 2 



•^Jt, jo. 4 a\\ A. A\ ^jJujj jjjoijjj (J^alxx 



i? 22 = r 2 (aa + 2a 2 +2k) 



i? 33 = r 2 (aa + 2d 2 + 2k) sin 2 6" 



*44 ="3- 



i? = g'X- = ^X +^ 2 ^22 +^33 +^44 =4(^' + « 2 + *) 



'./ 



a 



R = -^-(ad + d 2 +k) 
a 



jjjllialji Jjjoliii 



2~iJ 



G =R u --g R = 



ad + 2d +2k 1 a 2 6 



2°u 



l-£r 2 21-£r 2 a 2 



(aa + a 2 + 



^ 2aa + a 2 +& 

(_r = t 

11 1-Ar 2 



G =R 22 --g R = r 2 [ad + 2d 2 +2k)--[a 2 r 2 )-^[ad + d 2 +k) 
G =-r 2 (2aa + a 2 + £) 



1 16 

G 33 = R 33 ~-g 33 R = r 2 (ad + 2d 2 + 2£)sin 2 6--[a 2 r 2 sin 2 6>)— (aa + a 2 + £) 



33 33 2 33 

G = -r 2 (2aa' + a 2 + A:)sin 2 6 



Op^i 4*Ult ^uual! Ajjlaj 



2 to 44 
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^(-l)Jr(aa + a 2 +£) 



3£ 

a 2 



n 



22 



G 



33 



s n S 
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g 



33 



^ 2d a 2 
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ds 2 =e -2^x) dx 2 _ e -2 ¥ {x) dt 2 



_ e -2(K-»0 



2g u dx 11 

1 fcll 



2g„ & 



^r 1 =r ! =o 

^ 1 12 1 21 U 



2g n dx 22 

-J-^i^r 2 =o 

2g 22 dt 11 



>22 

1 8g 



^r 2 2 =r 2 1= v 



2g 22 5x 

— ^i^r 2 =o 

2g 22 dt 22 



^1212 _ .§22 



AT2 Pp2 

^11 171 1 2 , p2 pi , p2 p2 _p2 pi _p2 p2 

dt dx 21 11 22 11 ii 12 2r 12 



* 1212 = - e - 2 ^^'V 2 



157 jje e laJI J^U OjUL&V ^l*^ Ajjlaj 

^12 = ^21 = 0 

R = 0 
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10 



ds 2 = \dx 2 + \dy 2 

y y 



-1 =0 



r 2 _ _LMi^r 2 -I 

1 11 0 o 2 ^ 1 11 

2g 22 dx j 
r 1 - -LMi^r 1 - -I 

1 12 0 - 2 ^ 1 12 

2g n dx j 
2g 22 dx 
2g„ ox 

F 2 ^ J_^22_^ F 2 _ _! 
1 22 0 - 2 ^ 22 

2g 22 6* J 



fiAgJ (^gJoiJ-i J^?-^ 4_Ll«-a 



d 2 u k +r yt dw' flfw 7 _q 

du l dw 
ds ds 



du l du j _ ^ 

Si J 



.Cjjlii jIaLs SJajl jll sAA ^ C 



159 



Op^i 3-»Ul! Ajjlaj 



<i 2 x 2 dx dy _ q 
<i? 2 _y ^ ^ 



d 2 x _ 2 d5c ify _ q 
<* 2 _y <fc ^ 



d 2 y 1 

- + — 



dt 2 



y 



'dx^ 


2 


1 


f dy\ 


K dt j 




y 


K dt) 



Wo) 



'dx} 1 
dt 



+ 



2^ 



= o 



= a 



C li»^3j3 US dulj jl^La a 2 

dx 

dt " 



dx „ dF 2 dy ^ dF „dy , „ , 2 , , , „ , , 2 

— = F => — — = ( f-)F => = 2^-=> InF = In y 2 +\ab => InF = In 6y 2 

dt dt y dt F y 

F=by2 ^Tt =byl 



+AV(0 = «V(0 



j(0 = 



• cosh a£ - ^a 2 -(& 2 .y 2 o) sinh a£ 
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(^y 2 0 jsinhaZ 

*(0 = *o + r= , = = r 

a- cosh at-Ja -ib y 0 ] smb. at 



A 0 



sinh aZ = - 



cosh a? = 



• iLS \c Ja^sJ x (^) j j(^) qa 

by 0 y 

by 2 0 -(x-x 0 )^a -b 2 y\ 

by 0 y 

'■is* ^U-^ jJajljjll sAA ^ s <-j^. j^Aj cosh 2 a? - sinh 2 a? = 1 ^ 



(x-x 0 ) 2 -2(x-x 0 )J^-j 2 0 +j 2 =y\ 



x - x o-\Tj-y 



+y =— 



a' 
J 2 



x 0 + , 



0 



— - 2 

b 



jjl^ j] Sjjlj g.1 i Zaflll lift A-Ijuj^^ jj^. jl j i al fjj all _x JJ^- 4 CS^" - l3.'^ > ''" .j^J^ ^ 

3 i LaiiSl ^.jlui j Sjjb ^_^A IgJ^^^i. JJjoba (jli t»L aill lift diallaji jjja <jjafj ji (lil^^JLa 
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11 Jli»Jl 

S^La ji (jj^l 4 yjUAil JSa. Cj^jLjla] jj^. Ja. (Kurt Godel) J-^J^ ^ JJ^ (J^ 3 1949 <js* 

^fl AjjIjj^I <£jaJl jjiib (jjL"..,.; ^ lijV tilli j Jliall Ia& ^fl £ j j<aill Iaa l_L-bjC 

^<u]| liiA (^gic Cjj^)^.! AjuoiI j ClllfljaaJ tilUA j ^ i j-aill t^J ^gjJabjll ^xfll <Jlla]l I^A ^k Clla_lj 
lillill j ebjjill AJ&j* £ j jxjJI liA iaL (jl (j^3 ( ^^jJaLall ^1 jLaill j» J^SH.' 

I AjAuuII ^}AlLa]l LujLaJJ ' " ll J i n\ a all (J>i» n ^jj^lui .jjLaAjjS jaj Ikiai 4jl£-o]l£ 

.iliaall li& ^fl UUiiaj 

l^j ^Uj^fl ( ^£.Ljj jC- Ajjla 

e 2x 

ds 2 = <2 2 (<* 2 -dx 2 +— dy 1 -dz 2 +2e x dtdy) 
ds 2 = j? ..dx'dx j 

g u dx x dx i +g 3l dx 3 dx x => 2g 13 dx 1 dx 3 
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2g 13 =2e 



-x 



§n= e 



-x 
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V 
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§13 §23 §33 §43 

§14 §24 §34 §44. 
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§13 
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§34 
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0 


0 


2e~ x 


0 


-2e 2x 


0 


0 


0 


0 


-1 



Op^i 4*Ult ^uual! Ajjlaj 



d 

6*' ' 



=— r 2 . -t t T s . 

u q x v V « tj 



l^gA j"' all 4 ill a all ^jujJJj jjjoiiii (J-alx-a (jjj 



g% =>R=g 1 % 1+ g U R l3 + g 31 * 31 + g 33 i?; 



33 



1 , 2e" x x 2e" x x 2e~ 2x 2x 1 
— r xl + — ^-xe + — r xr - — r xe = — 

a a a a a 
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„2x 

: Jiill I^j fcbJ oaa <& 2 = a 2 (<* 2 -dx 2 +^-^ 2 -dz 2 +2e x dtdy) 



ds 2 = dt 2 -dx 2 +^^dy 2 -dz 2 + 2e^ 2mx dtdy 



jll <c jjoi ,jc. JJXJt j»' all ' all a a dulj Q) 

<£y 2 = 4a 2 (dt 2 - dr 2 - dy 2 + (sinh 4 r - sinh 2 r)J^ 2 + 2V2 sinh 2 rt/^) 

r>0 

0<(/><2tt 



%nGa 2 



2a 2 
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ds 2 = ^— - r 2 d6 2 - r 2 sin 2 6></^ 2 + c 2 dt 2 



l-kr 



ai& (^g-^J-i J^?-^ jLui<a (jAx^aj Q = — 4 aAi all ^3 



yd(j>j 



= r z (l-Ar 2 )(jur 2 -l) 



" V 



7Z" •• 



Ax 2 + v_y 2 = 1 



2;r ... «... 
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General Relativity Glossary 



Dilation of time 




Summation convention 




Doppler effect 


^)Ljj j3l 


Compton effect 




Parallel displacement 


4j jl ye, jj 


Fundamentalist 




Even horizon 


lil.laJI Jjai 


Agree posteriori 




Agree priori 


4jj^Ji]l (Jj3 La jl (3fuball (jliii^l 


Aether 




Coordinate 


Cl£il^l 


Coordinate surface 


<».^L..,U ,-,1 AI^V 1 


Gravitational red shift 


AjjjLJL *lj*aJI A^ljVI 


Parallel transpotr 




Big Bang 




Torsion 




Space warp 


eLjaill p\ jlajl jl eLjaill el jjll 


First fundamental form 




Second fundamental form 




Curvature 


(jj j£i jl g.1 la jl 


Geodesic curvature 




Ricci curvature 


^ulLj $.Liajj 


Scalar curvature 


^■aImi jl ^_ 5 -aLoi g.L\a jj jl (_jjLiLa g.Lla jj 


Fitzgerald contraction 


^]| jjla. jljS (jiaLijl 


Contraction 


alc.^1 j ajlaj — (j£La£jl 


Elliptic 




Dimension 




Bolyai 




Evidence 
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Affinity 




Affine 




Divergence 




Lorentz transformation 




Skew- symmetric 


v;\l A all aJi 


skew-symmetric 




Gradient 




Connection 




Superposition 




Quadratic 




simultaneity 




Synchronization 




Synchronization of clocks 




Gravitational acceleration 




Rectification 




Apriori cincept 




Congruence 


JjjUaJ 


Mapping 


JjjUaJ 


Acceleration 




Differential 




Contradiction 


j j in \v\\ r-i 1 Vq'i 


Equivalence 




Equivalence of mass 




Mass - Energy equivalence 




Homology 


<J!)LaJ 


Representation 




Spherically symmetric 




Contradiction 




Consistency 




Curvature tensor 




Einstein's tensor 




tensor 


J^i yA j\ i dijJ 


Levi-Civita tensor 




Metric tensor 




Gravitational constant 




Cosmical constant 




Black hole 
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Wormhole 




Gravity 




Scalar product 




Gravitational potential 


AjjilaJl .A^a. 


Potential 


LJJ^ Ji 


Geodesic 




Event 




Bounded 




Kinetic 




Tensor calculus 




Perihelion 




Conservation 




Gravitational field 


<UjilaJl Jia. 


Einstein field 


jjAliil Jia. 


Tensor field 


LgJJ'"U'i Jia. 


Invariant field 


jjlila V Jia. 


Vector field 




Field due to 




Absurd statement 


J V ^a. 


Property 




World- line 


Saa 


Osculation circle 




Kronecker delta 




Curl 




Ricci 




Aberation of light 




Velocity 




Umbilical 




Saddle surface 


^a.^uj ^ Sa i " 


Catenoid 


J*wTi\l \iii\m •will ii 


Helicoid 




Pseudoplane 




Pseudosphere 




Electrical intensity 


JiaJl Sli 


Magnetic intensity 




Radiation 




Sirius 
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Schwarzschild 


l3 ; uj jj^u 


Energy 




Centrifugal 




Axiomatic method 




Phenomenon 




Gravitational lens 


Ajj iUJI AjuiJc 


Momentum 


A^)^J| A_La£ — j f-F" 


Christoffel symbols 




Element 




Defect 


(jLk^aij jl ' ■ UC. 


Graviton 




Excess 




Interval 




Mass less 


Ml jSlfl 


Space 


r l ■ *-»» 


Space - time 




Euclidean space 




Riemannian space 




Physical space 




Non- Euclidean space 




Absolute future 




Ultra - ideal 




Hypersphere 




Einstein's law of gravitation 




Galilean law of inertia 


jUUl a1L*]| jjjla 


Biot- Savart law 




Force 


- .- 


Mass 


a!& 


Mass inertial 


aILUJI aISII - a1L*JI a!& 


Massive mass 


4 ^ . a 


Galactic mass 


Aj^ja-a aJj£ 


Density 


AiliiS 


Quantum 




Universe 




Invariant 




Infinite 




Helix 
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Absolute past 




Principle of equivalence 




General principle of relativity 


<Lal*Jl 4 llmlll i.lLa 


Special principle of relativy 




Machs principle 


^La l.iia 


Curvature vector 




Coaxial 


j jl ^ e\\ laJ a 


Metric 




Isogonal 


bl c5 jbAa 


Equidistance 


Aik^ali]! ^jLoila 


Isoareal 




Bianchi identity 


^gjijLlJ AiJjala 


Orthogonal 


■laLxla 


Variable 


jjJLLa 


Isometric 


(jjijlila 


Equivalent 


^al£la 


Manifold 


' >' j * ••• 


Controversial 




paraboloid 


^alS-a « i a 


Conform 


kala^a 


Conformal 


J<i nill Jilia. — kala^a 


Local 




Paradox 




Contravariant 




Light cone 


p. j' iall Jaj^i-a 


Conoid 




Orbit 


jl.la 


Observer 


^>ialj jl L_lSlj-a 


Order 




Component 




Rectilinear 


~ J3J i " a 


Flat 


^Jajoba 


Postulate 




Trajectory 




Derivative 


(jliuLa 


Assertion 




Equation of continuity 
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Tensor equation 




Coexistence 




Fallacy 


4-kIULa 


Asymptotic 


L_JjlLa 


Parabolic 




Discriminant 




Curve rectifiable 




Catenary 


A1'.'i1'.'i]I Wt-a 


Minkowski 




Covariant 




Axiom 




System 




Ideal point 




Model 




Incidence geometry 




Non-Euclidean geometry 




Elliptic geometry 




Affine geometry 




Intrinstic geometry 




Parabolic geometry 




Pan - geometry 




Spherical geometry 




Absolute geometry 




Hyperbolic geometry 




Inertial frame 




Existential 




Unit 


0^ J 


Parametric 
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General Relativity Glossary 



Aberation of light 




Absolute future 




Absolute geometry 




Absolute past 


(J^Ua«a i iaLa 


Absurd statement 


J ji*-a V 


Acceleration 


UjaJtJ 


Aether 




Affine 




Affine geometry 




Affinity 




Agree posteriori 




Agree priori 




Apriori cincept 




Assertion 




Asymptotic 


t_ljlLa 


Axiom 


Acjj a j * 


Axiomatic method 


4_ul_c- jj^Js j^a 4 a L 


Bianchi identity 


^g^jLjj 4iUaia 


Big Bang 




Biot- Savart law 




Black hole 




Bolyai 




Bounded 




Catenary 


4li.iiii.ii]l ^gia-La 


Catenoid 


tJS uill ^LoiLoi ^ l-i i ii 


Centrifugal 




Christoffel symbols 


<Ja jloiJ jS j j-a j -(JSjiaiJjS ^aJ^lc 


Coaxial 




Coexistence 


4jX-a 
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Component 




Compton effect 




Conform 


laaU * 


Conformal 




Congruence 




Connection 




Conoid 




Conservation 




Consistency 




Contraction 




Contradiction 


jjm'n'ilt ^fl (j^ilVsl 


Contradiction 




Contravariant 




Controversial 




Coordinate 




Coordinate surface 


4 ,^L.JI ,-,1 .M^Sfl 


Cosmical constant 




Covariant 




Curl 




Curvature 




Curvature tensor 




Curvature vector 




Curve rectifiable 




Defect 




Density 




Derivative 


(0 1 1 1) .ft 


Differential 




Dilation of time 




Dimension 




Discriminant 




Divergence 




Doppler effect 




Einstein field 




Einstein's law of gravitation 




Einstein's tensor 


(jjlioljl JjjaijjJ 


Electrical intensity 




Element 
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Elliptic 




Elliptic geometry 


A j-s 1 A , lift 


Energy 




Equation of continuity 


liiaJl aHjua 


Equidistance 




Equivalence 




Equivalence of mass 




Equivalent 




Euclidean space 




Even horizon 




Event 




Evidence 
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A \ w 


Excess 




Existential 




Fallacy 




Field due to 




First fundamental form 




Fitzgerald contraction 




Flat 




Force 




Fundamentalist 




Galactic mass 


Aj^a-a A±£i 


Galilean law of inertia 


jUUJ aS\±*S\ jjjla 


General principle of relativity 




Geodesic 




Geodesic curvature 




Gradient 




Gravitational acceleration 


AjjiUJI p jLoij 


Gravitational constant 




Gravitational field 


AojilaJl Jaa. 


Gravitational lens 




Gravitational potential 




Gravitational red shift 




Graviton 




Gravity 


AjjjLa. 


Helicoid 




Helix 
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Homology 


J!)LaJ 


Hyperbolic geometry 




Hypersphere 




Ideal point 


A. \\\ j ^ A. \*a'\ 


Incidence geometry 




Inertial frame 
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Invariant 




Invariant field 




Isoareal 




Isogonal 




Isometric 




Kinetic 


4j£ja. 


Kronecker delta 




Levi-Civita tensor 




Light cone 


p. j' iall Jaj^a-a 


Local 


tJ Ja^ 


Lorentz transformation 




Machs principle 




Magnetic intensity 




Manifold 




Mapping 
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Mass - Energy equivalence 




Mass inertial 
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Mass less 




Massive mass 


4 aa i a 


Metric 




Metric tensor 




Minkowski 




Model 




Momentum 




Non- Euclidean space 
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Non-Euclidean geometry 




Observer 
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Orbit 




Order 




Orthogonal 




Osculation circle 




Pan - geometry 




Parabolic 




Parabolic geometry 




paraboloid 




Paradox 




Parallel displacement 


4j jl 4a.l jl 


Parallel transpotr 


t5 ji jiiuyi 
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Phenomenon 
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jj3 p.Lja3 


Postulate 




Potential 




Principle of equivalence 




Property 
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Pseudosphere 
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^ jjjl j^]l jl ^aS 


Radiation 


Aju^>\ jl ^Uuai 


Rectification 


— >-«,, ^.1 


Rectilinear 




Representation 


oj^S j| JLaj 


Ricci 




Ricci curvature 




Riemannian space 




Saddle surface 




Scalar curvature 


jl f ^ *'*»■ *'j jl (_jjLlLa i\ 


Scalar product 




Schwarzschild 


l3 ; uj j2jl jjoi 


Second fundamental form 


^1311 ^La.Vl Jlill 


simultaneity 


t>ljj 


Sirius 
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Skew- symmetric 


4 all =J 


skew-symmetric 




Space 




Space - time 


{J&lA^ jl (jLs i - r 1 i <a3 


Space warp 




Special principle of relativy 


4 i^aUJl 4 11 mill iiLa 


Spherical geometry 




Spherically symmetric 




Summation convention 


^l 4JU2I 


Superposition 




Synchronization 


t>ljj 


Synchronization of clocks 




System 




tensor 




Tensor calculus 




Tensor equation 




Tensor field 


LgJJ'"U'' <J^ 


Torsion 




Trajectory 




Ultra - ideal 




Umbilical 




Unit 


0^ J 


Universe 


Uj£ 


Variable 




Vector field 




Velocity 


<lC Jjji 


World- line 




Wormhole 
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1973 — l — J jj£ ^al^jll jb - o-^j^ — cs- 1 u^O^ 

1979 _ - L_Sjl*JI jb - jbjj j jj^ - ^JJ^ AlLJk j Jaj£ 

1999- t_iUSSU 



■ Essential Relativity: special, General and Cosmological, Wolfang 
Rindler, 1977 

■ Introduction to Special Relativity, Wiley Fastern, Private Limited. 1972 

■ Lecture Notes on General Relativity, Sean M. Carrroll, Institute for 
Theoretical Physics University of California, 1997 

■ Introduction to General Relativity, G. t Hooft, Institute for Theoretical 
Physics University Utrech University, version 8/4/2002 

■ Euclidean and Non-Euclidean Geometries, Second edition, Marvin Jay 
Greenberg, W. H. Freeman & Co. , 1979. 

■ An Introduction to Tensor Calculus, Relativity and Cosomology, Derek 
F. Lawden, 1982. 

■ Non-Euclidian Geometry, Harold E. Wolfe. 



181 ^ J^U Oil^V 4-uuull Ajjlaj 

3 4ajL*]| 

11 Jlkdl fLaii! 

13 ^jll ^ *jbj fJUIi J c> cP> jJt - 

13 ^ j -JU1I J ^l£l| 0 U jJI - 

16 o^-*^ cr^-i^t e^ 1 -* 1 * 

1 g £U jll J ^-^1 

1 8 (jjia^lalj jJiua. ji jlij <jU jll - 

20 lPj^ l>* lA* j 3 ' - 

20 Cy* u^ 1 j 3 * - 

2 1 jlaj j (j-4 yL« jll 

23 AAbaull AJjJijll jlojll - 

24 ^ll^^yUjll - 

27 4*Sjti^ 4-*iJfJl 

29 »LjaaII ^fl 4jo..%1I - 

3 1 <ul jl^Jl 4 m-iifrll U-kJaS j ^}Ali« (_K»J 

31 ^ jSLo ^L^\ ^bj . 

31 l^ji^^LjJ^Lj . 

32 4-a.Luball ^ i ajj 

34 ^jljill ajjIj . 

36 ^ jl-^-ll ^ i " SI Ljli^aS 

39 jj^lS- ^IjjL ^i^Aj . 

43 i^alaJl 4-u«uil 

43 4nm'ilt Ajjiaj IgJc Cnjj (Jill J jj^VI 

44 cjsI^^I ^ j$La 



182 3-»Ull 4-uuuII Ajjlaj 

45 J£jjl Cj^bjaj - 

48 jjjjj] Ci^Ijj^j ^aS 

51 ^aUJl 4-Ujaull c^Lalip - 

4_aUJ| 4 mull! 

57 <Spljj^l c j^ 3 -"^ - 

50 £ jU. n\l Aj^jjij] AjjoiLoi^I jj>^aUxJl 

52 jjmij'ill ^gic AjjJabjll <jLaC^n 

65 ^kuoij ^LoVl Jiill - 

66 g V,„,» ^UUl ^LuoVl Jlill - 

68 l>°j^ ^^jj 

71 ^Jajoill 4 ^1 i " a 

71 ^iVu JjL - 

72 (^j^l - 

73 j^JjjaJl - 

74 <ul*J| <j±uull CjU^sIjj - 

78 jM> JSSsVl - 

80 ctej^yj^ — u^jj 

83 4-al*JI A, nm ill Cj^U* <_>iaju - 

84 <Lalx]l 4jjjou]I (JjLol« ^ i " la ill j cJ^J ^^A* (J^lj- 4 

86 4-1 J' 11 ^ ^ tS^C AinJaJ (j^) 4-alstll Ajjjou]! Jajlj^)] ^gjJaljj ^ j j-aj 

93 Li?- jl j-a jj^i j^l l>if« 

95 4-aUJI ^UjouII Ajjiij Ajjlall ^a! - 

104 jjliiiV ^jjiUJI jjjta - 

106 j^j'j" - 

112 jb* - 

1 19 p jjJajl jj-ma L_sl^)aj] 
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122 tiUl c bjsj - 

127 ^.Ijj lie JiaJl O^JlU-a - 

131 qjSII Lli-lip - 

137 aJIoVI - 

1 67 (^JjjlaJ) - ^jfr) 4-»UJl Aj^uuII Ajj^j ^ AjiuJill j A^bjl! j 'LuUJjill <iU5Ua«&l ffti 

173 (isi-P - 4-uuuIt Ajjkj ^ Ajiuililt j Aj^abjlt j 'LuUJjilt siU!jUaua^t 
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